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37-way moulded-on 
polypole coupler 


POLYPOLE COUPLER SYSTEMS 


BICC design and manufacture to customers’ 
specific requirements polypole coupler systems incor- 
porating flexible multicore cables. These systems 
cover a wide variety of sizes and types of cable each 
terminated with robust moulded-on couplers. 

BICC polypole coupler systems are particu- 
larly suitable for the reliable outdoor interconnec- 
tion of mobile radio or electronic control equipment. 


Further information is contained in Publication 
TD WG CD6-available on request. 


BRITISH INSULATED CALLENDER’S CABLES LIMITED, 21 Bloomsbury Street, London, W.C.1 
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MINIATURE type 
High Value E 


10 M. ohms + 0°05‘). BF precision winewounn resistors 


Full technical data 
These resistors have been developed using very fine wire available from: 
to enable high values to be wound to close tolerances in Diss, Norfolk 
as small a space as possible. Tel.: Diss 2288 
London Office: 


Rating: + watt. 
: ; ‘ 551, Holloway Road, 
Dimensions: 1 in. long by 4 in. diameter. London, N19 


Long Term Stability: Better than +0.05% for the Tel.: ARChway 0014 
first 1,000 hours use. 


Temperature Coefficient: Guaranteed better than 
+0.002% per °C. 


Range of Values 100 kQ to 10 MQ 
Best Tolerance: +0.05 %. 
COMPONENTS LIMITED 


A COMPLETELY NEW ADDITION TO OUR WIDE RANGE OF TRANSFORMERS 
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Why not send us details 
of your requirements. 


FORTIPHONE LTD. (Dept. T2), TRANSFORMER DIVISION, 126 DENMARK HILL, LONDON, S.E.5 
EE 38 007 for further details 
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These cabinets, specially built to customers’ 
specifications, are typical examples of Hassett & 
Harper non-standard equipment. 


Our engineers — from initial consultation 
through development and finished production 
to punctual delivery — can be relied upon to 
display a keen interest in every job we undertake. 


We welcome the opportunity to build special 
cabinets for unusual applications and we 
especially welcome those customers who consult 
us at the very beginning of the job. This not 
only eases our difficulties, but also results in a 
more economical and more satisfactory final 


product. 
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These 
are 
no _ 

ordinary 


cabinets 






In addition, there is, of course, the Hassett & 
Harper Basic Range of Cabinets to fit many 
requirements. -Adherence to Ministry K114E 
specification is normal, 


Why not write for literature and Data Sheets? 


REGENT PLACE - BIRMINGHAM 1 
Telephone: CENtrail 6418 


Hassett Harper lid 
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Type E195 


Ekco Type E193 is a high-speed X-Y Recorder which plots the relationship between 
two inter-dependent variables directly on to standard 10” x 74” graph paper. 


The wide sensitivity range (1 mV. per 1” to 50 V. per 1”) and exceptionally fast response 
(full-scale travel in 200 milli-seconds) make it unusually versatile in the fields of 
performance investigation and process control. 


This instrument will find wide use in research laboratories, 
industrial organisations and hospitals or in any field in which it is necessary 
to chart rapidly-changing parameters accurately. 


Sales, Instaliation and Service 


EKCO ELECTRONICS LIMITED 


SOUTHEND-ON-SEA: ESSEX «- Tel. Southend 49491 





wes 808 
OCTOBER 1961 ELECTRONIC ENGINEERING 





EE 38 010 for further details 


One operator...one machine... 


3000 dyeline prints an hour! 


Here is the fastest automatic dyeline photoprinting machine in Britain: the ILFORD Azoflex Model 155. 
Using Azoflex Ninety Ninety paper, and one operator, the Azoflex Model 155 can produce every hour 
1500 copies (size 13” « 16”) or 3000 copies (size 8” x 13” or 8” x 10”) of the following: 


* Computer outputs * Operation sheets 

* Engineering drawings * Stores records 

* Parts lists * Accounts sheets 

* Orders/invoices * Bills of quantity 

* Production control sheets %* Statistics, reports, etc. 


A 25-compartment Print Collator has been designed for operation with the ILFORD Azoflex 155. Both 
are available for outright purchase or on hire. The Azoflex system does not use ammonia and is glare- 
free. Azoflex dyeline papers and machines are the finest and fastest in Britain today. 


Azoflex| 


Write for full details of the ILFORD Azoflex 
range of dyeline printing papers and machines from 


ILFORD LIMITED - INDUSTRIAL SALES DEPARTMENT AZ26G~- ILFORD - ESSEX 
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Birlec air conditioning plant, incorporating a unique system 
of recirculating ducting and a Birlec COS type dehumidifier 
delivering 1500 cfm of dry air into the system, has been 
installed in the King’s Norton factory of the Triplex Safety 
Glass Co., Ltd. 


The air conditioning plant recirculates air round the room and 


introduces 550 cfm of fresh air into the system. 1750 cfm 


is passed to the dehumidifier for drying, with a moisture 


content of 2.6 grains per cubic foot and is returned to the 


system at 0.25 grains per cubic foot. 
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The Birlec air conditioning system aids the production of the 
highest quality glass of the type used in aircraft. Plastic 
‘interlayers’ are assembled with the glass before being sub- 
jected to pressure to form an integral block. A thin film of 
gold acts as the conductor in the glass when electrical heating 


is necessary to prevent ice formation on exposed surfaces. 


AEIi-Birlec Limited 


Tyburn Road, Erdington, Birmingham 24 
Telephone: East 1544 Telex No: 33477 
LONDON - SHEFFIELD - NEWCASTLE-ON-TYNE - GLASGOW - CARDIFF 
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IN A PINT 
‘POT’ 





That is exactly what RIVLIN have done Specification: 


with this new component, put a quart of Resistance Range: 10 2 to 10k Q 


performance into a pint size wirewound pre- Tolerance: +10% 
at a ont Temperature Range: -40 to +70°C Ambient 


potentiometer. (The illustration is actual size.) | Weight: 0°1 oz. 

Temp: Co-eff: Less than 20 p.p.m. 
It is of square form which allows versatile mounting and REN tees | ~ fil 
occupies the smallest possible volume—only 0-11 cubic | "ting: | Watt at °C 
inches. The rugged construction ensures stable settings End Resistance: 5% 

under vibration and shock conditions and the precision Stability as Voltage Divider over 
worm drive results in smooth adjustment and absence of | Temp. Range +20°C to + 100°C: ous. » (Slider) 
backlash. A ratchet mechanism eliminates overwinding. It PATENT APPLIED FOR 


conforms physically to BSI 3081 for printed circuit applications 











Send for leaflet to: 


RIVLIN INSTRUMENTS LIMITED 


Yorktown Industrial Estate, Doman Road, Camberley, Surrey. 
Telephone: Camberley 2507/8. Grams: Riviectron Camberley. 
London Office, Tel: Swiss Cottage 3038. 
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PRECISION | 
wirewound resistors 
by the postal packet 
or the crate load, 
are made 
dependably by 




















STANDARD RESISTORS 


TYPES P.201 
& P.C.301 
FOR 
PLUG-IN 
Anco 
PRINTED 
CIRCUITS 
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NEW ENCAPSULATION METHOD 
Rivlin Instruments Limited have developed a new 
method of encapsulation, based on epoxy resin, 
which has the following advantages :— 
Wide Temperature Range — Proof against 
High Humidity. Suitable for use in the temper- 
ature range —55°C to +120°C with or without 
humidity, without significant effect on accuracy 
and stability. 
improved Stability. The new method results in 
resistors having stability of a very high order. 
Interchangeability. The new range is completely interchange- 
able with the existing RIL types (1-9) and all dimensions are 
exact and repeatable within close limits. 
Precious Metal Plated Terminations. In accordance with 
the best modern practice, the terminations are gold plated for 
ease of soldering and to prevent oxidation during storage. 
STANDARD RANGE 
Rating 4W to 3W. Range 12 to 3MQ tolerance to +0.1% of 
nominal value or 0.012. whichever is the greater. Terminals, 
wire leads or solder lugs, fixing studs can be fitted. 
PLUG-IN 
Rating 4W (other ratings to order). Range 502 to 200KQ, 
tolerance +0.1%. Designed for rapid range changing in 
recorders, computing networks, voltage dividers, etc. Phosphor 
bronze pins, gold plated for low contact resistance, plug into 
Electro Methods type D2 socket (special spacings to order). 
PRINTED CIRCUIT 
Rating 4W (other ratings to order), range 500 to 200KQ, 
tolerance +0.1%. Designed specifically for Printed Circuit use 
with Phosphor Bronze pins, gold finished, spaced to suit 
standard Printed Circuit module. 
NEW PRODUCTION CAPACITY 
By the recent completion of additional factory, laboratory and 
office buildings our capacity and scope have literally tripled. 
Delivery is now 3to 6 weeks according to size of order. Where 
high accuracy and consistent performance are vital consider- 
ations then RIVLIN is the resistor to specify. 


RIVLIN INSTRUMENTS LIMITED 


Yorktown Industrial Estate, Doman Road, Camberley, Surrey. 
Telephone: Camberley 2507/8 Grams: Riviectron Camberley 
London Office. Tel: Swiss Cottage 3038. 
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British Industry specifies FALKS 


‘G' Shed, Port of Bristol Authority, Avonmouth Docks 


A FREE LIGHTING SERVICE siete: Gate and eanchenllh 
Our expert lighting engineers based in all principal cities of the ae wpen. Fee. 


U.K., will without obligation, advise you on any lighting problem 
large or small and prepare lighting plans for your approval. 


Write for industrial Lighting Catalogue 
PLANNED, EFFICIENT LIGHTING saves money all along the line 
91 FARRINGDON ROAD, LONDON, E.C.1. HOLborn 7654. London Showrooms: 20/22 MOUKT STREET, PARK LANE, W.1. MAYfair serie 
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‘ELECTROSIL' type N resistors have been especially designed 
for high-gain low signal amplifiers, high frequency circuits, 
test equipment and for computers and missiles where long 
term stability and reliability and good shelf life are essential. 


(Complying to DEF 5114 and MIL-R-10509B) 


Unique construction ‘Electrosil' metal oxide re- 
sistors are made by bonding a rugged metallic oxide 
film into the skin of ‘Pyrex’ glass rod at red heat. This 
film is robust, impervious to moisture, unaffected by 
the heat of soldering and even more abrasion- 
resistant than the surface of the glass base. 
Extensive life-testing was carried out on 1,500 type 
N20 resistors over a period of 34 years at loading up 
to 140% of rated wattage. During this period, groups 
of the resistors were also exposed to multiple power 
stresses along with temperature fluctuations, humidity 
and dust. 

PERFORMANCE UNDER 3}4-YEAR TEST 
Proved long-term stability : Over the 3}-year test, 
resistance change less than 1%. No catastrophic 
failure. 


Electros 





Proved reliability Assuming a +3% resistance 
change as the criterion of failure, the resistors 
demonstrated less than 0.000083 failures per 1,000 
hours of operation. There were no catastrophic 
failures, but if one were assumed at the end of the 
tests, this failure rate is less than .000028 per 1,000 
hours of testing. 


‘Electrosil’ components for the electronics and allied 
industries include a most comprehensive range of meta/ 
oxide film resistors from miniature 4 watt to large power 
types ; precision glass fixed and trimmer capacitors ; 
‘Multiform’ for glass|metal seals: and ‘Fotoceram’ for 
printed circuit boards. Further information—please send 
for catalogue. 


METAL OXIDE 
FILM RESISTORS 


Electrosii Limited, Coinbrook By-Pass, Coinbrook, Sitough, Bucks. 
Controlied by James A. Jobling @ Co. Ltd. and the Corning Giass Works of Carada 


Telephone: Coinbrook 2306 Telegrams: Esii 
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Valor fur intniny 


s. 


TO USERS OF 


IMPORTANT 


This is an arrangement for the marketing of VARIAC transformers only. 


There is no policy change in regard to any other product 
of either company and all their other activities will continue 


independently. 


THE ZENITH ELECTRIC CO. LTD. 


ZENITH WORKS-~ VILLIERS ROAD + WILLESDEN GREEN+LONDON N.W.2 


Telephone: WILLESDEN 6581/5 Telegrams: “VOLTAOHM, NORPHONE, LONDON” 
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VARIAC continuously-adjustable auto-transformers have for many 
years been available from two sources, The Zenith Electric Co. Ltd. 
of London and Claude Lyons Ltd. of Liverpool and Hoddesdon. 
An arrangement has been made whereby, from the Ist October 
1961, all manufacture of VARIACS in the United Kingdom will be 
carried out by The Zenith Electric Co. Ltd., and all sales and distri- 
bution by Claude Lyons Ltd. 


This new arrangement will benefit all customers of both companies, 
by increased manufacturing and distributing efficiency, and by 
making available to all the combined technical knowledge and 
experience of both companies. 


As from the Ist October 1961 enquiries and orders for Zenith 
VARIAC transformers from customers in the United Kingdom, 
Eire, and British Colonies should be addressed to the exclusive 
distributors :— 


Dlaude Lyons itd, 


76, OLD HALL STREET, LIVERPOOL 3 VALLEY WORKS, HODDESDON, HERTS. 


Tel: CENtral 4641-2 Telex: 62181 Tel : Hoddesdon 4541 (6 lines) Telex: 22724 
(Export enquiries to the manufacturers: The Zenith Electric Company Limited) 
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: enduring. Venner provide it in their 


lver-Zinc Accumulators which, 
5 submitted to high and low temperatures, © : 
pressure variations, shock, vibration, or” 
“Tong periods without attention, still 
yield more power per unit of 
weight than any other electrical 


storage system. 





SILVER-ZINC ACCUMULATORS 


ra 
VENNER SILVER-ZINC ACCUMULATORS | 
provide lightweight power for satellites, = 
guided missiles, airborne equipment of all kinds, 


telemetering systems, etc. 
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AUTOMATIC NARROW BAND 
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The Frequency Analyzer Type 2107 can be used as 


Narrow Band Frequency Analyzer with adjustable selectivity, 

Sound Level Meter incorporating the internationally standardized weighting networks for 
sound level measurements, 

Vibration Level Meter together with the Briel & Kjzar preamplifiers, 

Automatic Narrow Band Spectrumrecorder together with the Briel & Kjar Level Recorder, 
Direct reading R. M.S. Distortion Factor Meter, 

Linear Vacuum Tube Voltmeter, 

1/3 Octave Bandwidth Analyzer together with the Briiel & Kjer 1/3 octave Filter Set. 


Ask for demonstration LONDON, W.1. _— 4 Tilney Street, Park Lane 

















Tel: GROsvenor 4567 . Cables: BANKLABS LONDON 
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DUMONT TYPE 425 HIGH 
FREQUENCY OSCILLOSCOPE 


The 425 is a modularized, 35 megacycle, 
highly i ae ae oscillo- 


scope. OUT SWITCH 
FEATURE and the unique “Two Dot” 
dialled method of wave-form measurement 
make this the most accurate instrument 
available today. Innumerable types of 
accurately repeatable measurements can be 
made and the applications are limitless. 


DUMONT TYPE 404 
PULSE GENERATOR 


DUMONT TYPE 411 DUAL-BEAM 
OSCILLOSCOPE 


The 411 is an ultra-high sensitivity instrument 
of very low frequency and is particularly valuable 
in the measurement of vibrations in the medical 
field. It is a true dual-beam oscilloscope employing 
a multi-gun cathode-ray tube and provides an 
unusually varied selection of displays. 


DUMONT cameras are available for 
all types of 5” Tube high grade oscillo- 
scopes. Bezel adaptors used for all 
makes other than DUMONT. Demon- 
strations and Full Servicing Facilities 





available. 
Write for full details: 


Aweley Electric Limited 


SOUTH OCKENDON, 
Tel: SOO. 3444. 
Telex: 24120 Avel Ockendon. 
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EMI Electron Tubes 





EM! ELECTRONICS LTD 


VALVE DIVISION . HAYES . MIDDX. 
Telephone: HAYes 3888 Ext. 2165 


Electronic Engineering—October 1961 


These are brief details of some of the EMI special tubes. For 
further information please send the reply-paid card to EMI. 


PHOTOMULTIPLIER TUBES AND PHOTOCONDUCTIVE DEVICES 
EMI is the large t producer of photomultipher il | Kur yp 


MICROWAVE TUBES 
EMIR 


~ 


CAMERA TUBES 
MI 


CATHODE RAY TUBES AND STORAGE TUBES 
e EMI 


No postage 
stamp necessary 
if posted in 
Great Britain or 
Northern Ireland 














BUSINESS REPLY CARD 
Licence No. SOX 64 











VALVE DIVISION - DEPT. ECS 
EMI! ELECTRONICS LTD 
HAYES - MIDDLESEX 
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Here's how typical marking needs 
are met by Markem 


Model 148A — Completely Automatic Marking of 
all types of surfaces — flat, curved, corrugated, 
irregular, etc. — without hand rolling or pressing. 
May be mounted for automatic in-line marking or 
objects may be hand fed to adjustable work table. 
Average production 2100 to 3100 per hour. 


Model 122A — Simultaneous Top and Side Mark- 
ing as well as date coding of transistors, similar 
cylindrical components with base leads. Hopper- 
fed machine automatically prints and ejects up to 
2500 units per hour. 


Model 69A — High Speed Color Banding of diodes 
resistors, capacitors, similar axial lea cylindrical 
components. Up to 6 colors simultaneously, or 5 
color bands plus typographical marking. Color, 
band width, spacing easily changed. 


Model PAF-AG — Versatility for marking compo- 
nents with axial, one-end axial and radial leads, 
and components without leads. Production to 
3000 per hour. Offset printing unit eliminates 
rubber plates, and use of Masterplates permits 
quick changes of all or part of the imprint. 


Helping your product speak for itself 
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NOW... 


MARK THEM AS FAST 
AS YOU MAKE THEM 


with clear, durable, 
attractive imprints 


A Markem machine can mark your elec- 
trical or electronic product at production 
speeds, even when imprint changes are 
frequent. More than 40 basic groups of 
machines have been developed to mark 
all types of parts and packages using one 
of the thousands of specialty inks that 
have been formulated for marking metals, 
plastics, glass and other materials. We 
can supply inks for air drying, baking or 
firing and with resistance to handling, 
high temperatures, salt spray, humid- 
ity and other environmental conditions. 
With 49 years of experience in the in- 
dustrial marking field, Markem now 
offers the world’s most complete line of 
machines, type, ink and supplies — plus 
helpful advice and service from com- 
petent representatives. 


Write for this 12-page cat- 
alog of Markem machine: 


i 
also available for individual 
machines. 


MARKEM (U. K.) LIMITED 

24 Brownfields 

Welwyn Garden City, Herts, England 
MACHINEHANDEL H. RUSCHE 
Via Maartensdijk 

Hollandsche Rading, Holland 
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ELECTRONIC ENGINEERING 


METASTREAM 
IMPROVES 
POWER 
TRANSMISSION 


Metastream couplings will deal with, angular and lateral 
malalignment, and a combination of both. 


The maximum amount of malalignment will depend upon 
the drive and conditions. Angular displacements of up 
to 2°, and lateral differences of up to 0.3” can be 
accommodated. 


Metastream couplings are all metal, do not require 
lubrication, provide axial flexibility and are torsionally 
rigid, and cost little more than ordinary couplings. 


The only entirely satisfactory method of direct coupling 
is by METASTREAM COUPLINGS. 


Available in a range of 9 series .. . 16 types . . . 300 sizes. 


All popular sizes can be supplied ex stock. 


if you have a power transmission problem, write for details 
NOW—of the world’s finest flexible, power transmission 
coupling. 


METADUCTS 7p. 


a member of the Concentric group of companies 


CATHERINE WHEEL ROAD, BRENTFORD, 
MIDDLESEX, ENGLAND. 
Telephone: ISLEWORTH 644! (6 lines). 


P.6682 
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Whatever 
your 


ELECTRONIC 
DESIGN 


problem . .. 


our engineering department 
will help its solution 











Magnetic power amplifier 


L.V. Safety Transformer 
(Power Tools) 


Potentiostat (Corrosion Testing) 
H.V. Flash tester (Non Lethal) 
Part of corrosion test equipment 


Magnetic Memory Unit 
(Paint Spraying) 


Heavy Current Pulse Generator 
(Semi-Conductor Diodes) 


We also manufacture 


MANOMETERS 
METAL DETECTORS 





Application of Electronic devices in industry 
becomes more involved and complex each day. 


We can offer 15 years EXPERIENCE in 
Industrial Specials. 


Have YOU a particular problem we can solve..? 


WITTON ELECTRONICS LTD. 
BICKFORD ROAD - WITTON - BIRMINGHAM 6 


TELEPHONE: EAS 0822 


INDUSTRIAL ELECTRONICS SPECIALISTS 
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Why do 
leading 
manufacturers 


SAA, Se RRR 


use 
Hatfield A.C. 
power supplies? 


The increasing ]juse of high frequency power 
supplies, particularly in the aircraft indus- 
try, creates a demand for suitable power 
sources for testing, research and develop- 
ment. Hatfield equipment for the elec- 
tronic generation of A.C. power provides 
inherently stable voltage and frequency, 
good regulation and low distortion, thus 
offering decisive advantages over other 
methods, particularly rotary machines. 


We are indebted to English Electric Aviation Ltd. 
for permission to reproduce this illustration of a 
typical application for Hatfield A.C. Power Supply 
Type PUM 16 for precision testing of Gyro equip- 
ment in their Stevenage factory. The equipment is 
built in two sections for rack mounting. Distortion 
in both sections is less than 1%, voltage stability 
is within 0.5°,4. Provision is made for reversing 
phase rotation, earthing any phase or neutral and 
driving either section from an external source. A 3ov. 
phase reference is also provided. Single and three- 
phase types are available, with output power up to 
250 va and with frequencies from 100 c/s to 4 kc/s. 


Other equipment in the Hatfield Range includes: 

Stabilised D.C. Power Units—D.C. Amplifiers—Variable 
R.F. Attenuators—Temperature Controllers—Coaxial 
Switches — Valve Millivoltmeter— Balanced Crystal 
Modulator—Wideband Transformers. 


Write today for full information or 


HATFIELD BALUN 
ask for a Technical Representative 


to call, HATFIELD INSTRUMENTS Ltd., Dept. E.E., Burrington Way, Plymouth, Devon. 
Telephone: Plymouth 72773/4. Telegrams: Sigjen, Plymouth. 
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NEW THORN PYGMY 


SOLDERLESS CONNECTORS 


using the new 
standard contacts to 
Specification MIL-C-26636 


Solderless contacts 


Bayonet lock ensuring mating face seal 


Arrangements for 2 to 61-way contac*s 
Temperature range from -65° to +130°C. 

Improved pressure sealing—watertight and airtight 
No de-rating at 100,000 ft 


Cadmium plated and irridited (conductive finish) 


THORN ELECTRICAL INDUSTRIES LIMITED, 
Special Products Division, 
Great Cambridge Road, Enfield, Middlesex. Enfield 5353 
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THE FIRTH CLEVELAND 
MINIATURE POTENTIOMETRIC 
RECORDER 


The Firth Cleveland Miniature Potentiometric 
Pen Recorder packs all the features you norm- 
ally find behind a 12 inch wide chart—including 
control facilities—into the smallest possible 
space. 

Here is a brief list of the main points: 

(1) Entirely self-contained. 

(2) Zero Suppression facilities. 

(3) Limit and Deviation Switches can be fitted 
as optional extras. 

(4) Facilities are available in the form of output 
shaft to. operate a pneumatic or electronic 
controller. 

Overall Dimensions: Front panel space 73” wide 


a x 5}” high. Overall length 18}”. 
Chart and Scale: 3 inch calibrated width. 


. e Chart Speeds: }, 1, 2, 3, 6 and 12 inches per 
S hour according to gears fitted. 
. Chart Life: 1 month at 1 inch per hour. 
N ST ag an eC ae Range Sensitivity: 1, 5, 10, 20, 50 or 100 milli- 
volts for full span according to range unit fitted. 
Accuracy: +0.5% of full span or +10 micro- 
» volts whichever is greater. 
Sensitivity: 0.19%, or 5 microvolts whichever is 
greater. 
Stability: Within 0.3°{, except for 1 millivolt 
range where it is within 0.5%. 
Pen Speed: 1 second across 3 inch chart. 
Voltage Reference: Zener Diode Source having 
a stability within +0.025%. No standard cell 
required. 
Power Supplies: 200-250v. A.C. 50 C.P.S. 
Supply variations up to + 10% have a negligible 
effect upon the accuracy of recording. 
ie SN t. Let us send you information about the instru- 
S ment—and how to adapt it to your particular 


Pex cex reese, 


wm 
a 





Soa 1 % 


h hind th 


7 il ] i ; 
8 D4 9 FIRTH CLEVELAND INSTRUMENTS LTD. 
7, Cleveland Row, London, S.W.1 
Telephone: WHltehall 3100 


ice n@ee) sie Ha acca oo haga 


* MILAN + NEWYORK + BRUSSELS + MANNHEIM 


A MEMBER OF THE FIRTH CLEVELAND GROUP 


% 


needs. 
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With this new range of miniature polystyrene capacitors for 
transistorized and other low voltage circuits, TMC provides 
circuit engineers with a major “breakthrough” of four 
barriers: size—performance—delivery time—price. These 
outstanding new miniatures will considerably enhance 
the already impressive reputation for consistent reliability 
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which all TMC capacitors have earned in face of stern 
competition over many, many years. Very competitive in 
price (with appreciable quantity discounts). A range of 
preferred values available immediately from a large stock. 
Our sales staff are eager to be of service—so send now for 
detailed quotations. 





Catalogue No. 


Dimensions in inches 





Capacitance in uF 


Length Dia. Max. 





SM.125695 
SM.125696 
SM.125697 
SM.125667 
SM.125668 
SM.125669 


0.001 
0.007 
0.025 
0.1 
0.2 
0.5 








ts 
ts 
tt 
‘ 
Is 
1% 








WKG. VOLTAGE 50V.D0C. TEST VOLTAGE 75V. DC. 

750,000 MQ) or 250,000QF whichever is the smaller. 
POWER FACTOR >> 0,001 atikc/s. TEMPERATURE 70°C. MAX, 
CLOSEST STANDARD TOLERANCE 1%. (Closer tolerances may 
be obtained by selection but a definite price advantage results from 


INSULANCE 


specifying the widest tolerance acceptabie) 


TELEPHONE MANUFACTURING 


Capacitor Division 


Small enough? 

Actual size picture of one of the 
new TMC polystyrene capacitors: 
SM. 125695 capacitance 0.0005uF 


COMPANY LIMITED 


Sevenoaks Way - St. Mary Cray - Orpington - Kent- Telephone: Orpington 26611 


=> 
A MEMBER OF THE DIE] GROUP OF COMPANIES 
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NOW 








Body Moulding PTFE Nylon Phenolic 





Catalogue No. VH 127/7 VH 117/7 








Contacts Beryllium Copper—Silver plated 





Tags Pro-soldered 





Brass—Silver plated Brass—cadmium 
(CCA No. 5935-99-056-0103) plated 
Brass—cadmium plated (Quality approved) 
(CCA No. 5935-99-056-0096) Brass—Silver plated 

















CLIX QUALITY COMPONENTS 
AT COMPETITIVE PRICES 


VALVEHOLDER 
IN PTFE 








Take a close look at this B7A Valveholder. Its unique 
floating contacts are snapped into undercut moulded 
cavities so they can’t be pushed or pulled out. The 
contacts are not staked, clinched or rigidly fixed and 
they are well below the surface avoiding danger of 
accidental shorts. The valveholder can be mounted 
above or below chassis. 


We can now offer you a whole range of Clix electronic 
components at prices that will make you blink. If 
you are in the market for valveholders, eightar 
connectors, miniature polytags or similar compon- 
ents ask us to send you samples and a quotation. 
A simple request could save you a lot of money and 
pay extra dividends in quality and reliability. 


Eiki ELECTRONIC COMPONENTS 


——— Associated Electrical Industries Limited + Radio & Electronic Components Division - 155 Charing Cross Road - London WC2 - Telephone : GERrard 9797 
CRC 17/40 
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RANGE 400V range .001—.47uF 
AVAILABLE 125V range 0i— iuF 
30V range 01— .ipF 


SMALL PHYSICAL SIZE 

HIGH WORKING TEMPERATURES 

CLOSE CAPACITANCE TOLERANCE 

HIGH INSULATION RESISTANCE 

FULLY TROPICALISED Witte to Multerd Heese 


for leaflets giving 
COST SAVING full technical details 


sas MULLARD LTD - COMPONENT DIVISION - MULLARD HOUSE - TORRINGTON PLACE ~ LONDON W.C.1 
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Trawsfynydd, the latest of Britain’s 
nuclear power stations, will incor- 
porate more than 2,500 Austinlite 
rotary control switches. They are 
designed to meet the exacting re- 
quirements of the Central Electricity 
Generating Board and of the main 





contractors, Atomic Power Con- 
structions Limited. 

Modern power station practice de- 
mands that switch duties be identi- 


fied by the shape of the operating 


CRUCIFORM 
handle. To meet this requirement 

Austinlite produced these special 

These new shapes are now available 


‘sions. 
to all users de 1s 


Sa eer ger 


See Nag Seema al 


iJ 


oe ROTARY 
stile Ye 4 switcnes 


} 


(Artist’s impression of Trawsfynydd ISTOMs Ours OY 
by courtesy of C.E.G.B.) 


ENQUIRIES: To help us to give prompt service, enquiries should now be 
addressed to Austinlite Ltd., Pickersleigh Road, Malvern Worcs., 
or to the London Office :- Schomberg House, 82 Pall Mall, S.W.1. 
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Di 


Type Frequency 


range 


a PHILIPS 


TOOL FOR THE 


ELECTRONICS 
ENGINEER 


Eminently suitable for measurements in the acoustical 
and ultrasonic fields, electrical measurements on LF. 
and A.F. amplifiers, on carrier telephone installations, 


and of mechanical vibration. 


Technical Data 


Measuring ranges: 1 mV — 300 V f.s.d. 
dB scale ftom — 80 dB... 52 dB 
0 dB = 1 mW into 6002 (0.775 V). 


Frequency range: 
Overall accuracy: 


Input impedance: 


Broad Band Millivoltmeter GM 6012 


AC voltage 
AC current 


f.s.d. 


Mains supply: 


PHILIPS range of Electronic Voltmeters 


DC voltage 
DC current 


f.s.d. 


2c/s...1 Me/s. 


20 c/s... 100 kce/s + 2.5% 


2c/s...1 Mc/s better than + 5%. 


1 mV to 3 V,4 MQ in parallel with 20 pF. 


10 V to 300 V, 10 MQ in parallel with 10 pF. 


Input 
impedance 


110-245 V. 40-100 c/s. 





GM 6020 


DC only 


100 nV — 1000 V 
100 puA — 10 uA 
(d) 


1 MQ//20 wuP 
100 M22//10 uur 


Automatic polarity 
indication by 2 lamps 





2 c/s — 1 Me/s 


I mV — 300 V 
(d) 


4— 10 MQ2// 
20 — 10 uF 


Amplifier (60X) can be 
used simultaneously 





Millivoltmeters 


1 kc/s — 30 Mc/s 


ImV—30V 
(d) 


50 kQ — 59 MQ// 
7—2 wyF 





0-1 Mc/s — 800 Mc/s 


10mV — 10 V 
(d) 


35 kQ//1 pur 
(c) 





30 c/s — 10 ke/s 


3 V— 1200 V 
600 uA —3A 


69 mV — 1200 V 
30 pA—3A 


AC 1-6 kQ/V 
DC 40 kQ2/V 


Resistance measurements : 
102 — 10 MQ 





20 c/s — 100 Mc/s 


1V— 300 V 


1 V — 1000 V 


AC 1:0 MQ2//8 uuF 
DC 10 M22 
(d) 


Resistance measurements : 
10822 — 5 MQ 





Universal voltmeters 


20 c/s — 100 Mc/s 


1V— 300 V 


300 mV — 1000 V 
300 nA — 300 mA 
(a) 


AC 1°5 M22/’8 uF 
DC 3 — 10 MQ 
(b) 


Resisiance measurements : 
1082 — 1000 MQ 





GM 6058 


40 c/s — 1000 Mc/s 


1 V— 1000 V 
06uUA—I1A 
(a) (d) 


AC 2 MQ//1-5 puF 
DC 20 — 30 M22 
(b) 


Resistance measurements : 
1£2 — 1000 MQ 
Capacitance measurements 
30 uur — 3 uF 





(a) to 30 kV with the aid of the H.T. probe GM 4579B (b) at 1 Mc/s (c) at 200 Mc/s (d) for these ranges internal calibration standard(s) are provided 
SATA SIDS NT RATS RT ASAE Sa ETOCS eS EMOTE a 


Sole Distributors in U.K. 


RESEARCH & CONTROL INSTRUMENTS LTD Instrument House, 207 King’s Cross Road, London W.C.1. TER 2877 
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A NEW 


= PHILIPS 


TOOL 
FOR THE INSTRUMENT 
SERVICE ENGINEER 


Philips H.F. Service Oscilloscope GM 5600 has been 
expressly designed for the needs of the Instrument 
Service Engineer jn Industry, Telecommunications, 
Radio and Television. It is a compact, readily portable 
equipment. 


Y Amplifier 

— DC coupled amplifier up to 5Mc’s, 

— Sensitivity adjustable between 50 mV/cm and 20V/cm in 
steps (accuracy 4%) and continuously. 

Time Base 

— Sweep speeds between 0.5 usec/cm and 180 msec/cm. 

— Stable triggering up to 1M/cs. 
Adjustable trigger-level or “‘automatic”’ triggering. 


C.R.T. 
— 7 cm flat faced C.R.T. with 1.6 kV 
accelerating voltage. 
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The range of Philips Oscilloscopes 





Vertical amplifier 


Time base 





Band Width 
to ~3dB 


Input 
Impedance 


Sensitivity 
per cm. 


Sweep Speeds 


Magnification 


Trigg./ Syne 





DC - 5 Mc/s 50 mVp-p 1MQ//45yyuF 


+4% 


fa) 


0.5 usec/cm - 
180 msec/cm 


Trigg. 





DC -5 Mc/s 100 mVp-p 


+ o 
3% 


0.5MQ//35yuyF 


(a) (b) 


0.5 ysec/cm - 
0.2 sec/cem + 3% (a) 





3 c/s- 14 Mc/s 75 mVp-p 0.5MQ//l2uuF 
4 970 


(a) (b) 


0.2 usec/cm — 
10 msec/cm + 3% (a) 


Trigg./Sync 





GM 5693 DC - 14 Mc/s 50 mVp-p 


+ 3% 


(a) (b) fc) 


1IMQ//25yyzF 


0.2 uwsec/cm — 
1 sec/em + 3% (a) 


Trigg./Sync 





DC — 300 Ke/s 10 mVp-p 1MQ//20-S0uyF 


+ 3% 


fa) (b) 


“ 


2.5 wsec/cm = 
1 sec/cm (a) 





DC -1 Mc/s 100 mVp-p 


+ 3% 


1IMQ//15-40pyF 














2 uwsec/cm —- 
500 msec/cm + 5% 








10cm 
2.0kV 


Sync 








(a) Direct calibrated 


Sole Distributors in the U.K. 


(6) Calibration standard(s) incorporated 


(c) Differential iiput 


RESEARCH & CONTROL INSTRUMENTS LTD Instrument House, 207 King’s Cross Road, London, W.C.1. TER 2877 
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Bullers ceramics 


for the ELECTRONIC INDUSTRY (and Electrical Appliance Manufacture) 
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Refractories for high-temperature insulation. Bullers porcelain for general insulation purposes. 


Meticulous care in manufacture, high quality material, R U L L i’ RS L IM ITE D 


with particular attention applied to dimensional pre- 
: , ‘ Milton. Stoke-on-Trent, Staffs. 
cision and accuracy, explain the efficiency and ease of : 
: Phone: Stoke-on-Trent 54321 6 lines) 
assembly when using Bullers die pressed products. Telegrams & Cables: Bullers, Stoke-on-Trent 


Write today for detailed particulars. London Office: 6 Laurence Pountney Hill, E.C.4. 
Phone: MANsion House 9971 
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Accurate oscillograms from up to !2 separate sources 


immediately visible on one recording paper 


SCILLOMINK 


an advanced multichannel oscillograph 


Where great accuracy in industrial or scientific 
measurement is vital, and particularly where 
one recording centre is necessary for a 
number of activities, the Oscillomink is indis- 
pensable. Up to 12 channels can be operated 
simultaneously without disturbance to indivi- 
dual readings, even where they cross or coin- 


cide. Other models offer 2, 4 or 8 channels. 


Direct writing by jet 
method 


Immediately visible 
records 


1000 cps 
2 to 12 channels 
6 standard paper speeds 


Speeds up to 2 metres 
per second by means of 
special attachment 
Linear frequency 
response 


Rectangular co-ordinates 


Write or telephone today for details 


SIEREX LTD 


15-18 Clipstone Street London W.1 Telephone: LANgham 2464 
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Fast, simple, low-cost circuit assembly 


VEROBOARD is the universal wiring board 
that combines all merits of the printed 
circuit technique — without the expense! 
Simplicity, speed, cheapness, and relia- 
bility are the direct results of the vERo- 
BOARD principle: standard pitching of 
standard-size holes on a resin-bonded 
laminate board backed by bonded copper 
continuity strips. 

The following assembly aids and acces- 
sories are offered to speed and simplify 
the assembly of VEROBOARD circuits even 
further; and to provide even better 
service in use. 


Numeral tape (self-adhesive) for fast, accurate reference 
to positions on VEROBOARD. 1-90 for 18” boards and 
1-30 for boards up to 6”. Part Nos. VB 3021 and VB 3022 
Component Jig for bending wire terminations accurately 
to fit VEROBOARD matrix. Part No. VB 3031 

Plastic Handles for plug-in veropoarD card circuits. 
Part Nos. VB 3051 (black) and VB 3052 (red) 

Jumper Links of tinned copper wire for cross connections 
between bonded copper backing strips on VEROBOARD. 
Part Nos. VB 3061 (0-2”) and VB 3062 (0-4”) 
Semiconductor Holders for mounting transistors, etc. 
with plug-in contacts on 0-2” matrix. Part No. VB2011 
and VB2012 

Valveholder Templates for drilling holes at correct pitch 
and location on VEROBOARD. Part Nos. VB 3041, VB3042 
and VB 3043 


or 
oar 


Slotting die set. 


accessories. 


ELECTRONIC ENGINEERING 


Notching Tool for Extruded Edging to enable it to be mitred 
for making corners and for slotting to take VEROBOARD panels. @) 
Part Nos. VB3101 Press, VB3102 Mitre die set, VB 3103 


VEROBOARD Kit contains supply of veROBOARD and 


is a product of VERO Electronics Ltd., South Mill Road, Southampton. 


32 


Odl' 


accessories 


Extruded Edging in light alloy for strengthening vEeRo- 
BOARD panels. Part No. VB 3091 

Plug-in Panels: 4:8” x 5-8” VEROBOARD, gold-plated at 
one end for use with edge connectors. Part No. VB 2001 
Spotface Cutter to make a clean separation where neces- 
sary in copper backing strip. Part No. VB3011 

Design Sheets on high quality tracing paper for designing 
circuits ON VEROBOARD and for producing workshop 
prints. Part Nos. VB3071 (18”) and VB3072 (6”) 
Varicon Connectors which can be used as single point 
contacts or in rows to form connections between 
VEROBOARDS. Available in strips of 20. Part No. VB 3081 
(in line and VB 3082 (right angle). 
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-VIBRON ELEGTROMETERS 


MODEL S55A 


The Vibron Logarithmic Electro- 
meter is scaled 0.1 to 1,000 millivolts 
and measures over these four de- 
cades without range switching. Using 
high value shunt resistors, currents 
down to 2 x 10° A can be de- 
tected. 


MODEL SIA 
The Vibron Mass Spectrometer 


measures the very small beam cur- 

rents encountered in modern mass 

spectrometry and discriminates down as 
to 10°* A. against a random noise of 


510°" A.r.m.s. With any parti- 

cular value of shunt resistor, the gain f 
of the amplifier is adjustable from | 

to 11,000. ' 


ELL 


& ELECTRONIC INSTRUMENTS LIMITED 


RICHMOND: S&S 
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THE PUSHMEPULLYOU 


When Doctor Dolittle saw this strange animal for 
the first time in Darkest Africa, it must have 
reminded him of Varley Solenoids. Notice how 
perfectly adapted it is for pulling or thrusting, 
to-ing or fro-ing, righting or lefting ... any kind 
of symmetrical, reciprocal action. 


solenoids 


A robustly constructed solenoid for industrial 
applications, designed to pull or thrust 3 lbs. 

to 32 lbs. through }” to 2}”, depending on rating. 

Can be supplied with built-in Terminal Box and 
Contact Cooled Rectifiers for continuous rating 

on most A.C. Voltages. This range is C.S.A. approved. 





For full details of Varley Solenoids, write for Illustrated Catalogue L.1. 


OLIVER PELL CONTROL LTD 


CAMBRIDGE ROW, BURRAGE ROAD, WOOLWICH, S.E.18 
Telephone: Woolwich 1422 Telegrams: Olipel, London S.E.18 
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Spabe-saving | 








* Spindles for “Grub-screw” and “Push-on” fittings 
Pre-sets and other ‘specials’ 
* Control units with or without D.P. Switch. Log 
or Linear Tracks 


KRadiospares Ltd. 


( 4-8 MAPLE STREET - LONDON + W-I - ENGLAND 
RS Telephone: EUSton 7232 (8 lines) 


Telegrams: RADOSPERES, WESDO, LONDON Cables: RADOSPERES, LONDON, WI! 
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worsen AC. Millivoltmeters 


TRUE R.M.S. READING OF 
COMPLEX VOLTAGE WAVEFORMS 
—ON A 5’ LINEAR SCALE 


m 3mV to 300 V f.s.d. Range 

m Accuracy + 2% 

m 0.1.c/s Low Frequency Limit 

m Neon Overload Indicator to ensure accurate readings 
m Silicon Diodes throughout 

snide 


~~~ —— PRECISION R.M.S. MILLIVOLTMETER JM 1067 measures the true 

ae a r.m.s. value of non-sinusoidal waveforms as well as normal sinu- 
. soidal inputs. It uses D.C. operational amplifiers and diode function 
generators to perform the ‘squaring’ and ‘square-rooting’ operations 
for true r.m.s. readings. 





; SPECIFICATION 


Voltage range: 0-3 mV to 0-300 V r.m.s. in eleven ranges. 
Accuracy: 2% of f.s.d. 
Frequency range: 0.1 c/s—10 kc/s. 
Input impedance: 1M. 


Outputs: Amplified Signal of + 50 V max.) Available on the 
R.M.S. output of 0 to —50 V d.c. , front panel. 


R.M.S./Mean Switch: Allows measurement of r.m.s. or rectified mean values. 


PRECISION R.M.S. MILLIVOLTMETER iy 1067 Smoothing: 4 smoothing time constants to suit input frequencies. 





FOR AUDIO AND CARRIER 


SINEWAVE APPLICATIONS 


. m 1.5 mV to 150 V f.s.d. range 
*3 m Accuracy + 1% f.s.d. 
m 10 c/s—100 kc/s frequency range 
. mu dB scales for response measurements 
. m Input Z of 30 M2 or1:1 isolating transformer 


Clear and accurate readings of small signal inputs given on a 6” 
scale, covering a frequency range 10 c/s—100 kc/s. The wide dB 


a range—80 dB to +34 dB (referred to 1 volt) makes the VF 252 an ideal 
cmos Aor ee instrument for accurate frequency response measurements on 
ae . : amplifiers and filter networks. 
oy 


SPECIFICATION 


Voltage range: 0-1.5 mV to 0-150 V f.s.d. in 9 ranges and 10:1 attenuator. 
dB scales: 10 to +14dB and —20to +4 dB. 
Frequency range: 10 c/s—100kc/s. 
Accuracy: t 1% f£.s.d. at 1 ke/s, 
Input Z: 30M shunted by 30 pF. 
Alternative Inputs 
Input Attenuator(1MQ): 10:1 ratio. 
Isolating Transformer: 1:1 ratio (Primary Inductance 50H). 





Write now for full details to: 


SOLARTRON LABORATORY INSTRUMENTS LIMITED 
PRECISION A.C. MILLIVOLTMETER VF 252 Cox Lane, Chessington, Surrey 


Tel: LOWer Hook 2150 - Cables: SOLARTRON CHESSINGTON 
Telex: 23842 SOLARTRON CHESS. 
> A Member of the Firth Cleveland Group 
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"<f\</in DONOVAN 


A.C. DIRECT-ON-LINE 
CONTACTOR STARTER 


UP TO 5 HP. 400 /500V. 3 PHASE 
TYPE A30. SIZE “‘0”’ 


THE DONOVAN ELECTRICAL CO. LTD. 


78-82 GRANVILLE STREET, BIRMINGHAM I 


London Depot: 149-151 York Way, N.7. Glasgow Depot: 22 Pitt Street, C.2. 
Sales Engineers available in LONDON, BIRMINGHAM, MANCHESTER, GLASGOW, BELFAST, BOURNEMOUTH 
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TREM ON 


performance? _y 
Te. 


\ 


Just the size of a penny, but with a clutch performance 
out of all proportion to its size. That's the Warner miniature 
electromagnetic clutch (or clutch coupling). 

This 1} in. diameter unit, the SF 100, transmits a maximum 
torque of 2 Ib. in. /ts response time is only a few milli-seconds. 
With a power rating of no more than 6 watts, the SF 100 
achieves a speed of 15,000 r.p.m. 

The advantages of Warner miniature electro-magnetic 
clutches are clear and considerable, particularly when these 
units are incorporated in control mechanism on light 
instrument drives, computers and servo systems. 

Ask your secretary to write for details of the SF 100—the tiny 
unit with the tremendous performance. 


RNER 


Electric Miniature Clutches 


See the revolutionary new Complete technical information of the Warner range on request 


‘SONAC’ ULTRASONIC SENSING = WES TOOL LTD., ST. HELEN’S AUCKLAND, CO. DURHAM. 


& SWITCHING SYSTEM Telenh ww Auckland 551 (6! ) 
elephone: West Auckland 55 ines 
at WESTOOL STAND No. P173 at the Telegrams: Solenoid, West Auckland 


Factory Equipment Exhibition London Office: 2 Ashley Place, Carlisle Place, S.W.I. Tel: Victoria 7301/2 
Earls Court, November 13th to |8th Birmingham Office: Silhill House, 2241 Coventry Rd., Sheldon, Birmingham 26. 
Tip 198 Telephone: Sheldon 5121/2. 


ELECTRONIC ENGINEERING 38 OCTOBER 1961 





EE 38 043 for further details 


OF COURSE, 
NOT ONLY MINIATURE 


The Warner range of electric brakes 

and clutches meets the needs of all types 
of industrial machinery. 

Modification of standard units can be made 
to satisfy special requirements. 

Warner electric motion control 

is the most advanced, practical method 
of linking together mechanical 

functions with electric controls. 

It offers almost limitiess possibilities 

for improvement in machine 

designs, and adds greatly to the 
performance of existing models. 


Warner SF 100 Electro-Magnetic Clutch 


SPECIAL ANNOUNCEMENT 


Maximum torque up to 1350 Ib. ft. now 
available for Warner Units 
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THE MUIRHEAD RANGE OF 
SYNCHROS—AT A GLANCE— 


This revised issue of the Muirhead Synchro Broadsheet is available to all those 
interested in servo engineering. Prepared for easy reference, it presents the 
brief specifications of Muirhead Control Synchros, Torque Synchros, Resolvers, 
Two-Phase Servomotors, Motor Tachometers, Tachometer-Generators, Linvars and 
Gearheads in Standard Synchro frame sizes. 

Also available— four sectional catalogues of data sheets giving full specifications 


on Control Synchros, Torque Synchros, Computing Components and Servomotors 
(Motor-Tachometers and Tachometer-Generators). 


SENT TO ANY PART OF THE WORLD ON REQUEST 
Write for your copy without delay 


MUIRHEAD 


MUIRHEAD & CO. LIMITED, Beckenham, Kent, England 
Telephone: Beckenham 4888 
MUIRHEAD INSTRUMENTS LIMITED, Stratford, Ontario, Canada 
Telephone. 271-3880 
MUIRHEAD INSTRUMENTS INC., 441 Lexington Ave., New York, 17, N.Y., U.S.A. 
Telephone: Murray Hill 2-8131 527 
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PebWdIAys 


circulates 
everywhere 


TECHNIQUE is a quarterly 
journal of instrument 
engineering containing news of 
developments interesting to all 
designers. It is mailed to 


any part of the world on request. 


ARE YOU ON OUR 
MAILING LIST ? 


MUIRHEAD & CO. LIMITED 
BECKENHAM, KENT, ENGLAND 
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Ballina benassi 


No need to tell electronic engineers how the ‘invisible force’ has 
become the very life-blood of our modern civilisation. No need 
really to remind them, either, that ‘‘Belling-Lee’’ components have 
been the backbone of their industry from its inception, providing 
the safeguards and reliability which have helped to make its 
development possible. 

Whenever your need be to connect, protect, control, or filter, there 
is probably a ‘‘Belling-Lee’’ component, which is just right for the 
job. If not, we may still be able to help—it’s certainly worth enquiring. 








Most ‘‘Be/ling-Lee’’ products are covered by patents or registered designs or applications. 


TERMINALS - PLUGS & SOCKETS - GLASS SEALS sahil [oe LEE eg) 


CIRCUIT PROTECTION DEVICES GREAT CAMBRIDGE ROAD, ENFIELD, MIDDX., ENGLAND 


INTERFERENCE FILTERS - RECEIVING AERIALS 
Regd ‘PRESTINCERT’ COMPONENTS Telephone: Enfield 5393 - Telegrams: Radiobel, Enfield 
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Ounces to tons... heavy diesel engines 
to delicate electronic instruments .. . 
whatever the loading, whatever the working 
conditions, there is a Silentbloc Anti- 
Vibration Mounting to meet your need. 
Our standard range is so wide and varied 
that it can satisfy all but the really unusual 
demand; but “ specials " can be designed 
and made to your own requirements more 
quickly and less expensively than you 
might suppose. Our advisory service is 
freely at your disposal without obligation. 


Pare, ANTI-VIBRATION DEVICES 


<x 
FOR ROAD AND RAIL TRACTION 
INDUSTRY + MARINE APPLICATIONS 
INSTRUMENTATION += ELECTRONICS 


Come to us at the drawing- 
board stage 


SILENTBLOC LIMITED MANOR ROYAL CRAWLEY SUSSEX 
Telephone; Crawley 2100 Telegrams: Silentbloc Crawley 


Andre Rubber Co. Ltd., is her Silentbloc Company. Silentbloc products are also manufactured by Silentbloc (Australia) Pry. Ltd., Melbourne 





Broadway S.112 
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For Electronics, Radio 
& Telecommunication 
aaa ae 

ae Sis a ae 
i ote one ee ae 








SHEET Maximum width 24°. Minimum thickness 0°006". 


STRIP Maximum width 18°. Minimum width 4". 
Minimum thickness 0°005° 


WIRE Maximum diameter §°. Minimum diameter 0°0025* 


S pec ialities High finish Nickel-Silver Telephone 


Strip and Sheet conforming to BSS 1824, or to your own specifications for 
the manufacture of Spring contacts, Relay biades, etc. 


We also specialise in producing Copper-Nickel Alloys (Cupro Nickel) with 
special resistance properties in the form of Sheet, Strip and Wire. 


Established 1845 


JONES & ROOKE (1948)LTD. NORTHWOOD STREET ROLLING MILLS, BIRMINGHAM 3 
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ANOTHER 


PP4 

PRECISION 
PRESSURE 

TRANSDUCER 


First of a new range of potentiometer trans- 

ducers, the PP4 employs the unique JLT “X-Flex” 
suspersion* to transmit deflections of the Bourdon tube 
element to a precision ceramic-based potentiometer*. 
Prime features of the suspension are the complete elimina- 
tion of wearing parts and built-in g-compensation to reduce ACTUAL SIZE 
external acceleration effects. Precision engineered threughout, 


this transducer combines high accuracy with utmost depend- 


ability. Write or phone for full specification. 24v output 


*Prov. Pat. 


Resolution 0°35% 


Accuracy better than 1% 


Transistorised 


Indicator T' . 
PML 6009 " Pressure ranges 0-100 to 0-4000 psi. 


designed for 
use with PP4, 


Gauge and differential measurement 


J. LANGHAM THOMPSON LTD. 


BUSHEY HEATH - HERTFORDSHIRE - ENGLAND 
Telephone: Bushey Heath 2411 (6 lines) Grams & Cables: “Tommy Watford” 





TRANSDUCER DIVISION 
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INDUSTRIAL RE 


UP TO 100 KW 


Mullard R.F. Heating Valves cover the power 
range up to 100 kW, in air and water cooled 
versions. Five basic valves have been especially 
designed to meet the requirements of industrial r.f. 
heating power levels. Each valve is mechanically 
and electrically robust, and will operate with 
extreme reliability under varying load conditions, 
fluctuating mains voltage and mechanical vibration. 


Constant Power .. . three of the new series 
are designed so that output power is substantially 
independent of load impedance. 

The electrical characteristics of these three types 


ELECTRONIC ENGINEERING 


have been specially designed to maintain the out- 
put power close to nominal over load variations 
of 3 to l. 


Filaments... are made of heavy duty thoriated 
tungsten, generously rated to provide an adequate 
reserve of emission—and to accept temporary volt- 


age variations of +5% and —10% of the nominal. 
Oo o 


Grid ... special material and processing give 


the valves long life under arduous conditions. 


Anodes... are designed to withstand 


accidental overdissipation. 


OCTOBER 
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HEATING VALVES 


The data presented in this advertise- 
ment gives only an outline of the 
characteristics and performance of the 
Mullard High Power Range of Indus- 
trial R.F. Heating Valves; full details 
including special high frequency 
operating conditions are available on 
request. Please quote reference 
D41610 in your correspondence. 


Mullard 


GOVERNMENT AND 
INDUSTRIAL VALVE DIVISION 





MULLARD LIMITED 


Government & Industrial Valve Division 


Mullard House, Torrington Piace, London W.C.1 





Operation for anode voltage obtained from three-phase FILAMENT 
half-wave rectifier without smoothing filter CHARACTERISTICS 





LIMITING VALUES CONTINUOUS OPERATION 





j | 
pa max |Va max) ik max | f max Pout f Vir 


(kW) (kV) (A) | (Mc/s)| (kW) | (Mc/s) 4 





athe — 


TY6-1250A/ 4-3 | 7-0) 2:0/ 50 | 4-0/ 50| 5-1 | 6-3 65 
i 








| 


TY7-6000W | 6.0 7-0 | 2-3| 55 |6-0/| 50| 5-1 | 33 


| 
| 
| 


a | | 
TY8-15W 145 (8.0/5.5) 30 |17-7/ 30 | 5-9| 6-3/130 








Ti2-20W | 50 | 13 |6-3/ 30 | 39/30 | 8-9 8-0|130 
~— Sond 
Trarcone-| 50 | 30 30 175/196 


* Also available in air-cooled versions 









































BD) wre ars 
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SECONDARY (A) SECONDARY (By 


CATALOGUE RATING (AMPS) RATING : 
No. VOLTAGE VOLTAGE 
R.M.S. R.M.S. OR R.M.S. 
D.C. CHOKE D.C. COND R.M.S. CURRENT 


1 to 24V. : 1-0A. 


2 to 48V. . 1-0A. 

1 to 24V. 

1 to 24V ’ ' 0-250V. (SOV 
2 to 48V. > > 0-250V. (SOV. 
1 to 24v. > . 0-250V. (50V. 
2 to 48V. . ‘ 0-250V. (SOV. 
1 to 24V. ‘ ; 0-250V. (SOV. 


2 to 48V. . : 0-250V. (SOV. 
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The R.F. 
SIGNAL GENERATOR 


TYPE B4@ 


MODEL A: 1!00kc/s to 80Mc’s 


in 6 bands 


MODEL B: 30kc/s to 30Mc/s 


in 6 bands 


Calibration accuracy of both models is % 





— to be sure ! 


NETT PRICE IN U.K. 


£76 The ‘Advance’ B4 Signal Generator is a well tried and proven 

instrument which incorporates special features consisting of a 
monitored r.f. output and variable modulation depth (which 
is also monitored); an 80 dB attenuator of special design pro- 
vides exceptional accuracy of attenuation throughout the 
frequency range and an unusually low leakage factor is achieved 
by triple screening of the r.f. oscillator, and by mounting the 
calibrated dial on the outside of the case. 


Full technical details in 
Leaflet D38 available on request 


OUTPUT IMPEDANCE: 

75 ohms unterminated (50 ohm model 
available on request); termination pad 
ore to provide output impedances 
of 37 and 10 ohms and a dummy aerial 
facility. 


EXTERNAL MODULATION: 

MODEL A: 10c/s to 30kc/s; modulation 
depth 0 to 80%. 

MODEL 8B: I0c/s to !0kc/s; modulation 
depth 0 to 80%. 

AUDIO OUTPUT: 

© to 10 volts into 600 ohms at 400c/s. 


R.F. LEAKAGE: Less than | microvolc. 


INTERNAL MODULATION: 
400c/s + 10% modulation depth 0 to 
COMPONENTS LIMITED 0% + 10%. 


1T/GD70 


Seen eran me 
ROEBUCK ROAD » HAINAULT + KFORD + ESSEX TELEPHONE : HAINAULT 4444 
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radiation 
pattern 


recorder 
TYPE EL41 


The instrument is designed to provide the 
engineer with the basic equipment required 
for the automatic plotting of aerial radiation 
patterns, in either cartesian or polar co- 
ordinates. 


By using a servo-controlled piston attenuator 
to maintain a constant amplitude signal at an 
intermediate frequency, the calibration of the 
instrument is absolute and it can therefore be 
used on any frequency band, provided the 
appropriate mixer and local oscillator are 


Dimensions: 2 ft. x 24 ft. « 34 ft. 
mrehcaeen am : fitted. 


Automatic recording of radiation patterns speeds aerial development 


Robust and compact constructien permits installation in limited space 


Signal required to operate recorder: 
100°, square wave modulated R.F. at a 
p.r.f. of 1 Ke/s 
Maximum plotting range: 
50 db cartesian 
30 db polar 
Maximum pen speed: 
30 db/sec 
Plotting scale: 
2 db/cm 


Cartesian table movement: 
20 cm 


Using the Barr and Stroud Aerial Turntable Assembly Type EL52, scales of 20°/cm, 10°/cm, 5°/cm and 1°/em 
are available. 


For further details please write for illustrated leaflet SD61. 


BARR & STROUD LTD 


ANNIESLAND, GLASGOW, W.3 
London Office: Kinnaird House, | Pall Mall East, $.W.1 
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AVO INSTRUMENTATION 


(VQ instruments are in 
permanent use al 


many oil refineries 


D.C. Amplifiers 
Radiation Monitors 
Valve Voltmeters 
Multi-range Testmeters 
Valve Testers 

and other electronic 


PYiti@illia miiiliemlilitaltiiiotit 


MEMBER OF THE METAL INDUSTRIES GROUP OF COMPANIES 
OCTOBER 1961 51 ELECTRONIC ENGINEERING 





EE 38 056 for further details 








he Crg is the official replacement for the WS1gHP set. It 
ee : provides the extra-long ground-wave ranges required by 
OUTSTANDING FEATURES mobile armoured fighting vehicles on active service with the 
OF THE C13 MILITARY WIRELESS SET British Army. Exceptional range, performance, simplicity of controls, 
* rugged climatic protection and the elimination of all netting 

ROBUST — FULLY SEALED — WEATHERPROOF combine to make the Cr a versatile and highly serviceable equip- 
_ No netting Crystal calibration ment. It conforms in all respects to the Joint Services Specification 

we eunemngea ELLEN Category K114G. You are invited to write to us for a booklet 
PHASE AND AMPLITUDE MODULATION giving a comprehensive description of the set and its performance. 


4201 channels at 2.5Kc/s spacing 
High-frequency band 1.5 to 12 Mc/s . 








RF OUTPUT 16-25 WATTS 
tomatic » mod . . BCC also design, engineer, instal and service complete communications 
Au control of frequency, ulation and g systems. Our Advisory Service would be glad to have the opportumty 


Automatic quieting circuits of helping you 
LOW POWER CONSUMPTION 


24 volt power supply Stand-by (receiver only ) 
High power/low power switch IC amplifier —— 


ee ee ee Cin COMMUNICATIONS (ORPORATION LIMITED | 


Voice and CW Local and remote aerials 
Minimum screening Vehicle and ground stations 














HIGH WYCOMBE | BUCKS TEL: HIGH WYCOMBE as5o1 
Grams : BeeCeeCee High Wycombe And at Wembley 
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FE The perfect frame 


for your instruments 
isa 


Save valuable time and money by using one of the 
imhof Standard Cases. Choose your exact requirements 


from a selection of over 60 different cases. 


Use Imhof Standard Cases and cut out tooling costs, 
at the same time reducing drawing office time to a 


minimum. 


Send today for full details of our Standard range which 
includes a tremendous choice of handles and accessories 


as well as raks, consoles, cases and miniboxes. 


Alfred Imhof Limited Dept. Fi0 Ashley Works, 
Cowley Mill Road, Uxbridge, Middlesex. Uxbridge 37123. Telex: 24177, 
1460 Telegrams: IMCASE—UXBRIDGE—TELEX. 


IMHOFS AGENTS OVERSEAS 
Algeria: E.G.E.E., Paris (19) Denmark: Tage Schouboe, Morocco: E.G.E.E., Paris (19) Sweden: Electroniund AB, Maimo | 
Australia: Aladdin Industries (Pry) Copenhagen N New Zealand: imarex (1960) Ltd, Switzeriand: Waiter Blum .Zurich 2/39 
Led, Stanmore NSW France: E.G.E.E., Paris (19) Auckland C3 Tunisia: E.G.E.E., Paris (19) 
Belgium: Rogelec, Ghent Germany: Elek, Dusseldorf Norway: Birger Christensen, Oslo U.S.A.;: Bud Radio Inc, 
Canada: Measurement Engineering Led, Holland: }. Th. van Reijsen, Delft Portugal: Projectos e ConstrucgSes Lda, Cleveland 3, Ohio 
Arnprior italy: Stuart Culley, Milan Lisbon British Guiana: 
Cyprus: L. Piandjian, Nicosia Mexico: Aluminio Arquitectonico, South Africa: Switchcraft (Pry) Led, Davsons Caribbean Agencies Ltd, 
S.A., Mexico D.F. Johannesburg Georgetown 
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Metallised ceramics Steatite, porcelain 
1 and hermetic seals and alumina 


L.T. insulators 


Frequentite low loss 
ceramics 


Faradex and Tempradex 


© dielectric materials 
Vulcanex and Luminex AS 


refractories 


Faradex and alumina 
thread guides 


M37 refractory 
foundry strainer 
cores 


Catalogues leaflets 
and technical data 
available on request 


FOR ALL RADIO, ELECTRONIC 
AND DOMESTIC ELECTRICAL CERAMICS 
CONSULT: 


STEATITE & PORCELAIN PRODUCTS LTD. 


SPIIO 
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ROBOTESTER 


LA-303 





® -8e -Pe 


@-~88 -O8 -Bee8 
- 


eo] Settle lel. 


The Lavoie Robotester LA-303 is an automatic 
tape programmed measuring tnstrument. Witt 
it any two of 250 circuit points can be selected for 
measurement of resistance, polarized d-c or a 
voltage, insulation resistance, and impedance 


Range of voltage measurements can be from 
0.5 toS00 volts. High-Pot is accomplished at .500 
volts d-c with a 10,000 megohm upper limit. Re- 
sistance range of the Robotester is from |-ohm to 
9.99 megohms with selected tolerance of | 
5°, 10% or 20°, nominal. Inrpedances in the 
range of 50 ohms to 100 K ohms are measured 
at. PROGRAMMED.- FREQUENCIES of | 159 
CPS, 1.59 KCS or 15.9 KCS. 60 to 100 tests per 
minute indicate wiring or assembly’ failur by 
flashing light indicators 

Results of tests can be recorded wit! C eo) a 
equipment. Operation of the Robatester does not 
require personnel of specialised skill to provid 


precision check of intricate electron 


Baa 


Ovrree - 
ower - 


S-8-280@ -epeer 


3 








AUTOMATIC. 
CIRCUIT 
TESTER 


Head Office 
54 VICTORIA ROAD, 
SURBITON, SURREY. 
Tel ELMBRIDGE 277¢ 


a 
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One after another the barriers to technological 


progress are opening up. And with every stride 
forward, increasing demands are made on the 
skill of engineers. In a relatively new sphere 


like electronics the fresh problems that are 
continually arising call for persistence as well 
as ingenuity. In developing equipment for 


many branches of research and industry, 
Cossor engineers have shown these qualities 
in abundance. Their success has been recog- 
nised throughout the world. 


sys 


Cossor Radar and Electronics Ltd., 
are known in most countries for 
Primary, Secondary, and Meteoro- 
logical Radar Systems, and Printed 
Waveguide Strip Transmission Lines. 
tea The Transponder SSR.1251, with the 


“—e@ 
te came 


- 
| il SSR.4G Ground Station, is the only 
Ml 


i 


Bane mi 
Wr; cd L 
Wt civil secondary surveillance radar 
econ, system manufactured in Europe 
Praga 
which is designed in accordance with 
the recommendations of the Inter- 
national Civil Aviation Organisation. 
Enquiries should be addressed to: 


The Pinnacles, Elizabeth Way, Harlow, 
Essex. Telephone: Harlow 26862 
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V.H.F. INTERNATIONAL MARINE 
RADIO TELEPHONE 124ME28 


Cossor Communications Company Ltd., have developed 
radios for maritime, police, security, and industrial uses. 
Cossor radio equipment type 124ME28 is designed to take 
full advantage ef international maritinre VHF services. It 
gives instant selection of all 28 channels and has an over- 
riding selector for channel 16—safety and calling. Controls 
are comprehensive yet simple enough te be operated by 
non-radio trained personnel. The equipment is compact, 
accessible for maintenance and carries full British Post 
Office approval to specification TSC.53(d). 

Enquiries should be directed to: 

Honeypot Lane, Stanmore, Middlesex, Telephone: EDG 6511 


WOO 
\ \\\ 


The Cossor 1076 Oscilloscope is justly described as the most 

advanced oscilloscope available commercially. It features 

a single-beam 5 inch precision cathode-ray tube, X- and 

Y-defiection amplifiers, 10 kv accelerating voltage for high 

writing speed, and a maximum bandwidth d.c. to 60 Me/s 

at 50 mV/cm. Unique are its time marker pips at 50 Me/s 

and 500 Mc/s—the latter ensuring accurate measurement Ss OR 
of very fast rise-times. 

Cossor Instruments Limited produce an extensive range of 

oscilloscopes and other equipment which are finding wide 


application in research and industry. COSSOR COMMUNICATIONS COMPANY LIMITED 


Enquiries should be addressed to: COSSOR RADAR & ELECTRONICS LIMITED 
Cossor House, Highbury Grove, London, N.5. Telephone: Canonbury 1234 COSSOR INSTRUMENTS LIMITED 


CSG 
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G0625 


D.E.F. 9011? 


D.E.F. 5011 and many other government specifications call for the use of 
vibration test equipment. Fatigue and resonance search tests are the principal 
applications but there are several more. in fact, vibration equipmentis adesign 
and test facility which is rapidly gaining in scope and importance throughout 
industry. But for all that, the techniques are still comparatively new and, not 
unreasonably, present unfamiliar problems to many manufacturers. 

We specialise in both the manufacture of such equipment and the technology 
of its applications. Our range is the most complete in Europe. 

4f you can't meet D.E.F. 5011 or other government specifications requiring the 
use of vibration test equipment. Or if you want to be better equipped to do 


so...meet us. 


the vibration specialists 


‘GOODMANS INDUSTRIES LTD. AXIOM WORKS, WEMBLEY, MIDDLESEX, ENGLAND 
Wembley 1200 (8 lines) - Cables: Goodaxiom, Wembley, England 


Accredited Agents: HAWNT & CO. BIRMINGHAM 
FARNELL INSTRUMENTS LTD., WETHERBY, YORKS. 
A.R.BOLTON & CO. LTD., EDINBURGH 
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390A 
Peak thrust 


VG109 Mk.111 
. Peak thrust 18,000Ib. 
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Brimar Special Quality Ga Valves 


Brimar valves are made to strict specifications 
to ensure high quality and long, reliable 
service even under adverse conditions. The range is 
extensive, and is described in detail in the latest 
For quality and Brimar Special Quality Valves Catalogue, with 


consistency— . y 
better peal it full technical information and performance data. 


Brimar Get your copy today — write or ’phone. 


Brimar Commercial Division 





THORN—A.E.I. RADIO VALVES & TUBES LTD - ROCHESTER KENT - TELEPHONE: CHATHAM 44417 


Ge 
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the ULTIMATE in radio 
Ma OL 


OVER 200 
TYPES AVAILABLE! 





 RANSRADIO utrp 


138A CROMWELL ROAD LONDON SW7 Telephone: FREmantle 4421 (P.B.X.) 


To: 
TRANSRADIO LTD 138A CROMWELL ROAD LONDON SW7 
Please send Connector Catalogue to: 


NAME OF COMPANY 
ADDRESS 


| 
| 
| 
| 
| 
| 
Ee 
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YK co-AXx cables 
Airflex cables 
RG cables 
Minicables 


XK ULTRA Low 


CAPACITANCE & ATTENUATION 


38 STOCK TYPES ©" 


for your 


standard or speci 
applicatio 


RANSRADIO itp 


138A CROMWELL ROAD LONDON SW 7 Telephone: FREmantle 4421 (P.B.X.) 





To: 
| TRANSRADIO LTD 138A CROMWELL ROAD LONDON $SW7 | 
Please send Cable Catalogue to: 


NAME OF COMPANY 


ADDRESS 
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OSCILLOSCOPES OF QUALITY 
versatility and value 


TWO CHANNEL 


with plug-in pre-amps 
providing various input 
conditions accurately calibrated 


with range of plug-ins such as:— 

High sensitivity—100. V/cm to 150 Kc/s or 
Wide Band—imV/cm. D.C. to | Mc/s 
both differential inputs 


ACCURATE PULSE GENERATORS wet 


D.C. to 20 Mc/s— 

10 KV High writing speed, 

essential and reliable electronic test gear ati canned dlapins 
for various conditions 


tree §101 ' 


rve 6002 
prot ea hme — 10,000,000—1 Range of Pulse Dimensions 

4 . Accurately calibrated 
100V continuously variable output single or double pulses 


NAGARD LIMITED, 18 AVENUE ROAD, BELMONT, SURREY Tel: VIG 9161-2 
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PRESSURE SENSITIVE TAPES 
FOR ELECTRICAL U 


MANUFACTURED BY 


PERMACE] 
AGL y 4i 4 TAPES LIMITED 


SLOUGH BUCKS TELEPHONE SLOUGH 25521 
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Semiconductors for Radio and TV 


Germanium PNP Alloy Type Transistor 2SA92 For Local Oscillator Service (18Mc) 


2SA93 For Mixer Service (12Mc) 

2SA76—s- For High Frequency Amplification (VHF*FM) 
2SA77_~—s For High Frequency Amplification (VHF*FM) 
2SA175 For High Frequency Amplification (22.5Mc) 
2SA236 For intermediate Frequency Amplification (455Kc) 
2SA237 For Intermediate Frequency Amplification (455Kc) 


2SA49__—s For intermediate Frequency Amplification (455Kc) 

2SA52 For Converter Service (1.5Mc) 

2SA53—s For intermediate Frequency Amplification (455Kc) 

28826 For Audio Frequency Power Amplification 

28854 For Audio Frequency Amplification 

25856 For Audio Frequency Power Amplification 

288189 For Audio Frequency Power Amplification Germanium PNP Mesa Type Transistor 

ee ee ate Gee ae ptemeats 2SA299 For Mixer & Local Oscillator Service (TV Tuner) 
2SA230 For High Frequency Amplification (TV Tuner) 

: , F 2SA239 For Converter Service (VHF*FM) 

Germanium PNP Drift Type, Transistor 2SA240 For High Frequency Amplification (VHF-FM) 

2SA57 High Frequency Amplification (18Mc) 

2SA58 High Frequency Amplification (12Mc) Germanium Point Contact Diode 

2SA60 Converter Service (12Mc) 1N60 For AM/FM Radio & Video Detector Service 

2SA72 High Frequency Amplification (1.5Mc) 1$50 For AM/FM Radio Detector Service (Single End) 

2SA73 Converter Service (1.5Mc) 1$34 For General Service 


For complete information, write to 


TOKYO SHIBAURA ELECTRIC CO., LTD. 
Tokyo, Japan Cables: TOSHIBA TOKYO 
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regulation 
stability 
ripple 


polarity 


type S.0530 


0.5% from zero to full load. 

1% for +10% mains change. 

Less than 0.1%. 

Fitted with 5” Ernest Turner 
Kilovoltmeter and current-metering 
jack on 19” x 103” P.O. panel, 14” deep, 
for rack mounting or bench use. 


Either positive or negative grounded. 
Models A, B, C and D 


£135 -~ 


reversible polarity. 
Models AR, BR, and CR £165 ex works. 
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regulation 
stability 
ripple 
polarity 


dimensions 


type MR50/R 


0.5% from zero to full load. 
0.5% for +10% mains change. 
Better than 1%. 

Reversible. 

Voltage and current metered. 
Overload cut-out fitted. 


Width 24’, height 23”, depth 15”. 


£245 -- 


OUTPUT 
5 to 50 Kilovolts at:1 mA. 





regulation 
stability 
ripple 
polarity 


dimensions 


type MRIOOR 


1% from zero to full load. 
0.1% for + 10% mains change. 
0.1%. 


Reversible. 

Voltage and current metered. 
Overload cut-out fitted. 
MRIOOR/I. Width 24’, height 40’, 
depth 19”. 


$525... 





Brochure available on request 


BRANDENBURG LIMITED 
139 Sanderstead Road, South Croydon, Surrey 
Sanderstead 3555/6 


OCTOBER 


high voltage 


OUTPUT 
10 to 100 Kilovolts at | mA. — MRIOOR/I 
10 to 100 Kilovolts at 2.mA.  MRIOOR/2 


INPUT ALL MODELS 


ALL OUTPUTS 


regulated power by BRANDENBURG 


1961 (&) 
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pate oss 


V type 
regulated 
power supplies 


GOOD VENTILATION, EASIER 
ACCESS. An improved Brandenburg 
design. The illustration shows two 
models on one frame measuring 

17}” x 17}” x 7”—one of many 
methods of mounting these units. 

All models are voltage stabilised. 


polarity Reversible. 
effective 
resistance °! 0h™. 
stability 0.02%, against + 10°, mains change. 
ripple Less than 2 mV. 

All A.C. outputs can be paralleled. 
In flanged, open chassis, with frames 
available for converting all models 
to front panel mounting. 
200, 250, 300 and 350 volt models 
available. Order thus: V300/100= 300 
volts at 100 mAmps. Lower and higher 
voltages and currents also available. 


Prices on application. 





dimensions 
Models | output A.C. DBD. W. H. | ex works 


100 mA. | 4x 6.3V, 1.5A 153” x S}” x 62” £37 10 
200 mA. | 4x 6.3V, 1.5A 15?” x 52” x 63” £48 10 
350 mA. 2 x 6.3V, 5A 1S}” x 74” x 7h’ £64 

500 mA. 2x 6.3V, 5A Two chassis, each 
153” x 52” x 63” £80 














1 amp. \ complete with 19” 
2 amp. f front panel, handles and frame 








current stabilised 
models 


types C300 /C400 


output current Continuously variable. 
Stability Better than 0.1%, against 10 
mains change. 
Drift Less than 0.5°,, for 30 minutes. 


Enquiries are invited for similar 
specifications. 





output | output! dimensions 
Model/| current |voltage; D. W. H. | ex works 


C300 | 50-300 mA | 500 max.jI4” x 19” x 104” £145 
C400 | 50-400 mA | 600 max.j17}” x 19” x 12}” £185 




















INPUTS Voltage regulated and current 


stabilised models will soon be available. 
Preliminary enquiries invited. 


om 
4 


BRANDENBURG low voltage 


regulated power 
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scintillation 
and proportional 
counter supplies 


type CS 160 


stability Better than 0.1%, for 47°, mains change. 
effective 
vesletanee Less than 1,000 ohms. 
ripple Less than 12 mV. peak to peak. 
Se Less than 0.1% over 24 hours. 
Fitted with two potentiometers, each 
giving 500 volts to 2 kilovolts output, 
with coarse and fine controls. Input to 
potentiometers metered by Ernest 
Turner Model 703. On 19” x7” P.O. 
panel, enclosed for rack mounting 
or bench use. 


£19 ..... 
type CS 3520 


stability 0.1°,, against 10°, mains change. 
regulation 0.1%, no load to full load. 
ripple Less than 10 mV. peak to peak. 
polarity Negative output, positive grounded. 
In totally enclosed case with P.O. Panel 
19” x 104”. 





transistorised 
variable power 


type TC 302 


current 2 amps. 
impedance Less than 0.1 ohm. 
regulation 0./°, against +5°%, mains change. 
ripple Less than 2 millivolts. 

Voltage and current metered by 
Ernest Turner Model 703. 
Dimensions: Depth 9”, width 17}”, 
height 7}”. 
Further specifications and quotations 
available on request. 





COMPOSITE POWER SUPPLIES 


Brandenburg give prompt delivery on individually : " 

specified rack units. These units may incorporate a 

number of standard and special high and low voltage BRANDENBURG LIMITED, 

and transistorised regulated supplies. 139 Sanderstead Road, South Croydon, Surrey 
Prompt quotations available on enquiry. Sanderamiad 3853-4 


—and special purpose supplies 


BRANDENBURG 


OCTOBER 1961 ELECTRONIC ENGINEERING 





EE 38 072 for further details 


A COMPLETE RANGE 

OF TELECOMMUNICATIONS EQUIPMENT 
FOR BOTH MILITARY AND 

CIVIL APPLICATIONS 


LEL CG contact with. s 
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HF Command Transmitter — $L56 


An extremely versatile equipment which can be employed 
for a variety of applications by using alternative driver 
units, such as the Cll and the SL63. The SL56 is continu- 
ously tunable over the range 2-24 Mc/s and, because of its 
unit construction, is suitable for mobile working in 
vehicles from the size of a ‘‘Land Rover”’ upwards. With 
suitable drive units, the SL56 provides the following 
outputs: 

Se eee .. 1kW FSK ... me .. 1kW 
. rom .. AM 400W PM 1kW SSB 800W 
The SL56 amplifier units can be supplied in instances 
where customers already have suitable drive units. 


Military Wireless Set Cll (HF Transmitter) 


This equipment is in service with the British Army and is 
fully consistent with NATO standards. The compact Cll 
transmitter is suitable for use as a fixed or mobile station 
providing facilities for CW, RT and FSK transmission. The 
transmitter is continuously tunable over the range 
2-16 Mc/s. It is perfectly easy to operate and no netting 
procedure is required. Power supply units are available 
for 24V d.c. and 110/240V a.c., and facilities are available 
for vehicle intercommunication and remote control. 


Military VHF/FM Tranceiver — 045 


In service with the U.K. Army and fully consistent with 
NATO standards, the C45 is hermetically sealed and water- 
proofed to K 114. 

Designed for mobile working on 12 or 24V d.c., it gives 15W 
output over the range 23-38 Mc/s, and is available for 
100 Kc/s channel spacing (151 channels) and 50 Kc/s channel 
spacing (301 channels). 

Operation is extremely simple and no netting procedure is 
required. Facilities include: vehicle intercommunication 
through the control harness and rebroadcasting and 
remote control up to 1,000 yards over a single pair. 


Rural Carrier Telephone System — TRC7 


This transistorised carrier telephone system gives up to 
7 stackable channels. A separate frequency for each 
subscriber gives complete privacy on a single exchange 
pair. The flexibility of the system enables it to be arranged 
to satisfy almost any application. It is simple to install, 
fully tropicalised and has a low power consumption. 
A.C. or d.c. power supply units are available and the choice 
of relay sets is consistent with all standard exchange 
systems. 


EE 36073 for further details 


Low Power Single Side-Band 
Radio Telephone — $L55 


This compact unit (including a power pack for 
12/24V d.c. or 110/200V a.c.) is suitable for fixed or 
mobile working. The transistorised d.c. power 
pack gives a low consumption when used from 
batteries. 

The SL 55 has a range of 2-16 Mc/s and its frequency 
stability eliminates the need for a speech clarifier. 
Provision is made for 4 crystal channels. 

Remote control can be provided and it is also suit- 
able for Double Side-Band and CW telegraphy. 


For details of the full range of telecommunication equipment, 
write to the following address, quoting reference Dj678/10. 


BiG 2 anc en ea 
MULLARD EQUIPMENT LIMITED Manor Royal -: Crawley - Sussex 
=| T*1eP NO: Crawley 9421 
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FERRANTI 


INDUSTRIAL RANGE 
LOW COST 
SILICON RECTIFIERS 





HIGH SURGE RATING 
HIGH POWER TO SIZE RATIO 
RUGGED CONSTRUCTION 





ACTUAL SIZE 





MAXIMUM RATING 
TYPE No. 7872 7874 


PRICES m [a0 


Mean Rectified Current at 150 750 

25°C Ambient Temp. 

2S72 3s 3a EA. 
Max. Reverse Current at 5 5 


2874 4s 3a EA. 25°C and at Rated PIV 
Z$78 12s 64 EA. — Repetitive 




















Special prices for Max. Peak Surge Current 
Max. Mean Surge Current 


quantities will be for 5m.Sec 
quoted on request ——— 








Min. Series Resistor 
(Capacitor Load) 


Operating Temperature Range 


























For further information write to:— 


FERRANTI LTD - GEM MILL - CHADDERTON - OLDHAM + LANCS 


Telephone: MAln 6661 * London Office: Telephone TEMple Bar 6666 
FERRANTI offer a wide range of SILICON SEMICONDUCTOR DEVICES 


FE 209 
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The PATTERN 
of PROGRESS 
POINTS to 


LVERN 


lie Wound 
POTENTIOMETERS 


The search for greater accuracy is never ending and 
Colvern have for 30 years led the way in the development 
of Precision and Standard Wire Wound Potentiometers. 


The world’s most extensive range by one manufacturer 
include Standard, Sealed Tropical, Helical and Sine/Cosine 
Types, many with Cam-Correction devices. 


Illustrated is one of such 36 Basic Types. 


TYPE CLR 4501 Sealed Tropical Potentiometers 
Specification 


RATING NOMINAL 3 watts 
RESISTANCE RANGE LINEAR 10-100KQ 
NON-INDUCTIVE 100-25KQ 
SEMI-LOG 250-50KQ) 
RESISTANCE TOLERANCE 

Standard + 10°, 

Best Practical t 2%, 
SPINDLE (INSULATED) Standard }” dia. (0.2475-0.2495) 
FIXING Standard Bush }’ x j° 32 TP! 
MAX. WORKING VOLTS SPINDLE TRACK 1,000 V.D.C. 
ANGLE OF ROTATION 

Mechanical 295° .5 

Effective 275° +5 
OPERATING TORQUE oz/in 1-10 
END STOP TORQUE Ibs/in >10 


Expert advice on your particular problems from: 


FLOLVERN Ltd., Spring Gdns., Romford, Essex, England 


Tel: Romford 62222 PBX 
Telegrams and Cables: COLVERN PHONE ROMFORD. 


OCTOBER 1961 ELECTRONIC ENGINEERING 





EE 38 076 for further details 


The most versatile solid plastic 





PRODUCTS 


TURNERS / P.t.f.<. 





wide temperature 
range 


in its pure form p.t.f.e. possesses outstanding ae 
iner: 





properties which make it essential for use in the 
excellent electrical 
chemical and electronic industries as a packing or properties 








low co-efficient 


insulation material. We invite you to write to us for mo 
y re of friction 








Information on the range of products we manufacture 


from p.t.f.e.— some of which are shown above. 


TURNER BROTHERS ASBESTOS CO LTD ROCHDALE ENGLAND 
A MEMBER OF THE TURNER & NEWALL GRouP 


| peat AREER NIETO EGAN TONNE 8 CN AOR tC A SE AROSE MOMS 
@ TA274 
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GIACOMO EN IISMRIEY 


SIX VALVES RS200 SERIES 
WITH SIX ADVANTAGES SILICON RECTIFIERS 


Type 807 equivalents These SenTercel silicon devices are manufactured to conform 


to CV 7021-5. Rated at 500 mA, they are hermetically sealed 
These STC valves are loctal-based, indirectly-heated, beam- in cold-welded cases. They have a low reverse current leakage 
power amplifiers electrically similar to the U.S.A. Type 807 and a high surge rating. Voltage ratings are as follows: 
but with extra advantages: 





More compact CODE 
More robust 





Better HF performance C.W.V. 


= 8 | RS210AF 








Choice of heater voltages r.m.s. input (V) 





Double or single ended 
Choice of pins or flying leads 


Single-ended 
Va 
5B/255M(CV391) 6:3 
5B/256M (CV499) 19-0 
5B/257M (CV2220) 12-0 


Double-ended 
Vin 
5B/254M(CV428) 6:3 


5B/254G (CV2465) 6:3 
(flying leads) 


5B/258M (CV2347) 19-0 





TYPICAL APPLICATION Fe CHARACTERISTICS (Maximum values) 

Forward volt drop at maximum rated direct 

forward current at 100°C ambient temperature . . 1:2V 
Reverse current at rated crest working voltage 

a. SF a SE ke ae eae ee ee See 
ee eee ae a 
Ri 6 oe Se ee 











TEMPERATURE RATINGS: 
Permissible ambient temperature at full rating + ae 
Storage temperature . ..... -@&°Cto +150°C 


CURRENT RATINGS: 

Continuous forward current. . . . . . . S5S50mA 
Rectified forward current (Half wave, resistive load) 500 mA 
ZERO BIAS OUTPUT STAGE (CLASS B) 75W Maximum surge current, i cycle . . . . . . IA 








For fuller details of audio and radio frequency applications of | An Advance Information Leaflet with further information is 
these valves ask for publication MS/\\9 obtainable from STC | available from STC Rectifier Division, Edinburgh Way, Harlow, 
Valve Division, Footscray, Sidcup, Kent. ' Essex. 


EE 38 | for further details. EE 38 2 for further details. 


CONTINUED OVER / 








STANTELAC 
SYNTHETIC DIELECTRIC 
CAPACITORS 


STANTELAC capacitors represent an entirely new approach 
to capacitor manufacturing, employing a synthetic dielectric 
which, while liquid, is applied to a foil electrode. The 
thickness of this coating can be controlled to a degree hitherto 
unobtainable in the field of capacitor dielectrics, and by 
adapting the dielectric thickness to suit working voltage the 
Stantelac capacitor is made with a physical size proportional 
to its rated voltage. The present range is down to 50 volts and 
a 25 volts rating is envisaged. 


The outstanding feature of the Stantelac capacitor is that the 
insulance remains high over the range of operating tempera- 
tures, the average value being in the order of 10 000QF 
measured at 20°C and 6 OOOQOF at 70°C. The excellent space 
factor of these capacitors and their low effective series resist- 
ance at radio frequencies make them ideally suited to transistor 
circuits. They also have many applications as substitutes for 
the normal paper and foil capacitors in conventional electronic 
equipment, resulting in a considerable saving of space and a 
marked improvement in performance. 

Sintered glass compression type seals provide hermetic sealing. 
A special feature is the ability to withstand shock and vibration 
conditions. 


Temperature Range: -40°C to +-70°C, 


Zin. 
= 


$0.8 mm 





i— D+ 





Over sleeve 





Warting Capacit- Maximum Dimensions 
Voitage “7 a 
at 70°C . 





Code 


© 


L. Diam. 
mm 


5,64 489/LWA/43BA 
44BA 
45BA 
46BA 
47BA 
48BA 


489/LWA/43CF 
43CA 
44CA 
45CA 
46CA 
41CA 
48CA 
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Fuller details of these capacitors are given in Technical Data 
Sheet MC/101 obtainable from STC Capacitor Division, 
Brixham Road, Paignton, Devon, 


EE 38 3 for further details. 
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TRIPLE GRYSTAL UNIT 
FOR FM TUNING 


Improved manufacturing techniques and quantity production 
of crystal units designed specifically for FM application has 
enabled STC to offer units at less than a quarter of the normal 
cost. Switched tuning, instead of variable tuning by dials, is 
a saving and attraction to the user and, since FM radio is a 
local station service, variable tuning is unnecessary. 


The STC crystal assembly Type 4434 comprises a trio of 
quartz elements mounted in a single glass envelope with B7G 
base. The three elements each work on their 5th overtone at 
10-7 Mc/s below the radiated frequencies of the three FM 
transmissions in each area of the UK. The 4434 crystal units 
are available in twelve types as follows: 





STC Triple Crystal Frequencies (Mc/s) 
Light Third 


78-4 80-6 
79-4 816 
78:9 81-1 
77-4 79°6 
776 79:8 
778 80-0 
78-0 80-2 
78:0 80-2 
786 80-8 
778 80-0 
79°4 816 
77 89-9 
79-2 81-4 
78:9 81-1 
78:2 80-4 
79:0 81-2 


STC 


Crystal BBC Transmitter 





Home 


82:8 
83:8 
83:3 
81:8 
82-0 
82:2 
82-4 
82-4 
83-0 
82:2 
83:8 
82-1 
83 6 
83:3 
82-6 
83-4 





Wrotham 
Peterborough 
Rosemarkie 
N.H. Tor 
Sutton Coldfield 
Pontop Pike 
Meidrum 
Blaen Piwyf 
Holme Moss 
Rowridge 
Divis 
Douglas 

Kirk O’Shots 
Lianddona 
Llangollen 
Norwich 


4434,A 
4434/B 
4434/C 
4434/D 
4434/E 
4434/F 
4434,/G 
4434/G 
4434/H 
4434/F 
4434/B 
4434/J 
4434/K 
4434/C 
4434/L 
4434/M 











Further information is given in publication 
MQ/104 obtainable from the Quartz 
Crystal Division (address below). 


New Quartz Crystal 
Publication 


Publication MQ/106 “STC Standard 
Range of Quartz Crystal Units” is a 
12 pp. booklet listing standard ranges of 
STC crystals in glass envelopes and 
hermetically sealed cans. The brochure 
is intended for quick reference by pur- 
chasing departments and engineers. 


Hermetically sealed 
B7G STC 4434 


Both publications referred to in this column can be obtained 
from STC Quartz Crystal Division, Temple Fields, Harlow, 
Essex. 


EE 38 4 for further details. 








TRANSISTORS AND 
DIODES 


for the computer industry 


Many STC semiconductors are particularly suitable for use in 
computers because of their quality and reliability. These 
devices include: 


HIGH SPEED LOGIC AND STORES 
Silicon diffused epitaxial planar transistors: 
TK202A TK252A 
TK203A TK253A 
Germanium tunnel diodes: 
JK9B JK19B 
JKI10B JK30A JK20B 
JKIIB JK21B 
Germanium backward diode: 
JK 100A 


MEDIUM SPEED LOGIC 

Germanium alloyed transistors: 
TK20C 
TK25C 
TK30C 
TK31C 

Germanium gold bonded diodes: 
DK13 DK14 


CV7042 


LOW SPEED LOGIC 

Germanium alloyed transistors: 
TK21C TK24C 
TK41C TK42C 
TK47C TK48C 

Germanium gold bonded diodes: 
DK10 DKI1I 


CONVERTERS, INVERTERS, AND 
STABILIZED POWER SUPPLIES 
Germanium alloyed transistors: 
Low power— TK40C 
High power—TK400A, TK401A, 
TK402A, TK403A. 


TK40C 
TK46C 


DKI12 


For characteristics and ratings of all the above devices ask for 
Data Sheets from STC Transistor Division, Footscray, Sidcup, 
Kent. 


EE 38 5 for further details 


Standard Telephones and Cables Limited 


COMPONENTS GROUP 
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PERMALOY 
POWDER CORES 


The demand for coils for audio and carrier frequency circuits 
has required the development of cores having high stability 
with time, temperature and magnetization. To meet these 
requirements STC has produced cores having the highest 
permeability and lowest core losses yet possible. 


STC Permalloy Powder Cores offer: 
Highest Permeability—145. 
Highest dielectric strength—3000V a.c, 
High stability of inductance. 
High ‘Q’ factors for frequencies up to 200 kc/s. 
Low core losses. 
Low temperature co-efficient of inductance. 
Negligible external field, 


Range of Core sizes available 





Outer Inner Nominal | Hyster; 
Core Code | Perme| diam, diam. Height sis 
ability Factor 


mm in. Fr 


WP 3090/12 125 0-28 0 22 
WP 3090/15 50 0-28 11 
WP 3090/16 26 0-28 0 118 
WP 3091/12 125 0-47 0 119 
WP 3091/15 50 0-47 , 60 
WP 3091/16 26 0-47)" 65 
WP 3097/27 145 0-39 13:5 
WP 1828/15 50 0-41 53 
WP 1828/16 26 0-41 57 
WP 1828/6 14 0-41 


WP 2558A/12 125 0-40 
WP 2558/27 | 145 0-47 
WP 2558/12 | 125 0-47 
WP 1084/12 | 125 0-25 
WP 1780A/27 | 145 0-50 
WP 1780/6S | 14 0-61 
WP 1782/12 | 125 0-40 
WP 1782/12S | 125 0-40 
WP 1782/6 14 0-41 
WP 1827/12 125 061 
WP 1827/15 50 0-61 
WP 1827/6 14 54.0 
WP 1024/12 | 125 78-0 
WP 1830/15 50 78-0 
WP 1830/16 26 |306 78-0 
WP 1830/6 14 78-0 
WP 1830/6S | 14 |3:06| 780 
WP 1829/16 26 |4-00 | 102-0 
WP 1829/6 14 
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* inductance (mH for 1000 turns) 


Technical Data Sheets giving full characteristics available from 
STC Magnetic Materials Dept., Edinburgh Way, Harlow, 
Essex. 


EE 38 6 for further details. 
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SERVOMEX 

an ever expanding 
glaler= me) 
Taksudaeraalsialscmtare 
Controls for 
Research, Industry » 


and Education. 
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AC. Voltage Stabilisers 
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ME Todays finest value 


for only 


STABILISED POWER SUB-UNIT 


MODEL 4931 





This very small unit, supplying 250 or 300 V.D.C. at 
150 mA. max. is ideal for building into your equipment. 
At this price, with a stability of +0°1% it is no longer 
worthwhile designing your own power pack. 

Write for further details of this unit and its companion 
model 4964 providing 150V. or 200V. at 150 mA. 


1 atacand CHERTSEY ROAD 
BYFLEET 41131/2/3/4 PABX 
INDUSTRIES BYFLEET, SURREY RAMS: APTRAN, BYFLEET 


LIMITED 
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Monitor 1000 
“readings” every 
50 seconds with 


(GYE) Data 


An accuracy of +0:2% and a high 
scanning speed make Blackburn Elec- 
tronics data logging equipment ideal 
for monitoring plant performance. 
Modular construction of the basic 
units enables instrument engineers to 
install exactly the right size of this in- 
expensive and compact equipment 
necessary for data monitoring and re- 
cording on their plant. Extension of 
the logger by multiples of 10 channels 
is possible as required. 














Input signals derived from thermo- 
couples and other transducers can be 
scanned at a rate up to 20 points a 
second. Departure of any parameter 
from predetermined limits is indicated 
by visual and audible alarms and a 
parameter record. Alarm conditions 
may also open relay contacts for pro- 
cess control applications. The output 
data may be obtained on a strip or 
page printer or paper tape punch and 
will comprise parameter identification, 
value and time, etc. 








A complete log of all parameters may i. 2s os 
be obtained on demand and at regular ——— = 
intervals. . eee ee ee ee ee 














BLACKBURN ELECTRONICS LIMITED 


Brough, Yorkshire Telephone: Brough 121 
Member Company of Hawker Siddeley Aviation 


OCTOBER 1961 79 ELECTRONIC ENGINEERING 





EE 38084 for further details 





how long will a trigger tube last? 


25...50...100 years? 


By means of accelerated life tests carried out 
in our laboratories, we can now confidently pre- 
dict the life expectancy of our Cold Cathode 
Trigger Tubes when used under predetermined 
conditions. 

Extensive tests have shown that the life 
expectancy of these tubes when used in Business 
Machines, Telephone Exchange Equipment, and 
Process Controllers is over 25 years 
when used in R.C. Timers over 50 years 
and in Protection Equipment over 100 years 


ELECTRONIC ENGINEERING 


| A report describing accelerated life tests on Mullard 


Cold Cathode Trigger Tubes is available on request. 
To obtain your copy of this document, just write to 
Mullard quoting reference D42010. 


Mullard 


GOVERNMENT AND 
INDUSTRIAL VALVE DIVISION 





MULLARD LIMITED 


Government and Industrial Valve Division 


Mullard House, Torrington Place, London, WC1 LANgham 5522 


®) MYTB 420 
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Admittedly this frequency generator has limitations. But the range it covers is important. Subsonic frequencies down 
to fractions of cycles per second are encountered in seismology, oceanography, meteorology, ship design, and in 
engineering structures such as buildings, bridges and heavy machinery. The problem is not in generating these frequencies, 
but in recording and analyzing them. For this the ideal medium is magnetic tape. Ampex recorders, for example, can 
record frequencies from DC to 20,000 cycles per second in the FM mode, with high instantaneous amplitude accuracy. 
Of course, you can record very low frequencies with a pen recorder, but it is difficult to do much with such information 
except inspect it visually. Even then it is hard to “see’’ all the low frequencies that make up the waveforms. With 
magnetic recording, however, complex waveforms are preserved in their electrical form. It is interesting to see what this 
enables you to do. Extremely low frequencies can be multiplied to bring them into the range of any available wave 
analyzer, for instance, by recording at a low tape speed and reproducing at high speed. Successive re-recording in this 
manner permits frequency multiplication by a factor of 32,768 or more. Having data in electrical form has other 
advantages too. Signals can be fed directly into modern computing equipment for analysis and correlation, or into an 
oscilloscope for repeated “live” visual inspection. They can be even used to programme environmental test equipment 
such as vibration tables to test the effect of complex frequencies on products which you manufacture. For comprehensive 
information on how magnetic recording can help solve your problems in low frequency data acquisition and handling, 


write for Literature Packet No. 1 to:—Ampex Great Britain Limited, 72 Berkeley Avenue, Reading, Berkshire, England. 


AMPEX 

















i> 


CER R EP r 
| eabasis bancie sa 
Bi ee kha 


.- 


ae Ee Sy ew 
jFataro J auitane [anwawn 
ri a nd 


Frequency Generator 
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not ashamed to show our movement 


Quite a few of the instruments in the Pullin Clear View 
range have their movements clearly visible. You can see 
what goes on—just as you can see the scales better, see 
them more quickly with all Pullin Clear View instruments. 


one of the range 


The Series 35T (34” scale)—with internal See for yourself, 
magnet moving coil movements and moving write for details 
coil and moving iron movements, or with of the Clear View 
dynamometer wattmeter A.C. and D.C. range. 


PULLIN FOR PRECISION 


MEASURING INSTRUMENTS (PULLIN) LTD. 


Head Office: Electrin Works, Winchester Street, London, W.3. ACOrn 4651 and 8801 
London Showrooms: Electrin House, 93-97 New Cavendish Street, London, W.1. LANgham 4551-6 
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Decca Klystron Supply 


A REALLY UNIVERSAL KLYSTRON POWER SUPPLY BY DECCA 


This new and versatile Decca instrument 
combines in one unit facilities for both low 
voltage and high voltage low power 
klystrons, covering resonator supplies from 
250 to 3,000 V. 

Its extensive modulation and electrode 
control facilities, including a transistorised 
d.c. stabilised section for the heater, give 
it such a versatile performance that it can 
equally well be used as either a power 
supply or valve tester. 


Current capacity 70 mA at the lower voltages 
dropping to 40 mA at 3,000 V. 

Stabilised supplies for each electrode. 
Versatile performance as power supply or 
valve tester. 

Comprehensive six point monitoring facilities. 


Satety locks on electrode supplies. 
DECCA RADAR Send now for complete performance 
specification. /f you have a specia/ application 
problem our Engineering Dept. will gladly help 


Special Products Division, Decca Radar Limited io so/ve it with you. Please write or phone details 
Decca House, Albert Embankment, London S.E.1. Telephone RELiance 8111 of your requirements. 


w OR 176 
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STANDARD RANGE OF CHOKELESS STABILISED POWER SUPPLIES — SERIES D.1 


These units can be supplied in various models to 
provide D.C. output up to 500 volts and maximum 
current up to 300 m/A. 


Both output terminals are insulated from the 
chassis and therefore either positive or negative 
supplies may be obtained. 


The standard model is supplied as an open chassis 
for inclusion in other equipment. Alternatively, 
they can be supplied for rack mounting or fitted 
in a ventilated mild steel case as a portable bench 
apparatus. 


Valves are ail normal commercial types, and there- 
fore, replacements may be obtained without undue 
delay. 


BASIC TYPE OPEN CHASSIS MOUNTING. 
Open Type ‘C’ Core 
Transformer. Transformer. 
GENERAL SPECIFICATION (ALL MODELS) Electrolytic Paper 


MAIN INPUT. . 
200-250 volts 40/60 cycles Single Phase A.C. 


STABILITY. 
With respect to mains output does not vary by more than 0-1% 
for a mains fluctuation of + 10%. 


RIPPLE. 
Not more than | m/v. 


SOURCE IMPEDANCE. 
Not more than -25 OHMS. 


HEATER SUPPLIES. 

6-3 volts all Centre Tapped. 
Up to 200 m/a output 2 x 3 amps. 
Over 200 m/a output 2 x 4 amps. 
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TYPE ‘A’ 


A continuously variable output minimum 75 volts to maximum as above with current restricted to 70°, maximum when output 
volts are below 40% maximum. 


ADD £10 Os. Od. to basic price, please add letter ‘A’ to basic type No. 
ADD £7 10s. Od. for front panel units, please add letter ‘F’ to basic type No. 
ADD £15 Os. Od. to basic price for totally enclosed and ventilated metal cabinet and add letter ‘T’ to Basic type No. 


WE RESERVE THE RIGHT TO ALTER PRICES AND/OR SPECIFICATIONS WITHOUT NOTICE. 


A.C.M. ELECTRONICS LTD. 61, OSBORNE ROAD, ACTON, LONDON, W.3. 
ACOrn 6931 (3 lines) 
M.O.A. and A.R.B. Approved 
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transformers for 


CONTACT 
COOLED 
RECTIFIERS * 


are included 

amongst the 7oo 

standard transformers and 
chokes listed, priced and 
fully described in the 
NEW 


loose leaf catalogue 


Every copy of this catalogue, which has been prepared 
specially for industrial and research establishments, 
is numbered and registered in the name of the holder. 
It is regularly brought up to date by the supply of 
amendment sheets covering every addition to Gardners’ 
standard ranges. Please apply on the Company’s or the 
Establishment’s official letterheading. For other users 
a catalogue covering the full Solent and Miniford 
series is available on request. 


rectifier type CD2 (SenTerCel), to 1 amp Bridge Rectifier 


using LT61 (Westinghouse) 
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Please write for catalogue to 


GARDNERS RADIO LTD. SOMERFORD, CHRISTCHURCH tel 1734 
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THE WORLD’S FINEST SYSTEM FOR 
AUTOMATIC PLANT MEASUREMENT AND CONTROL 





2 oe 8S 2 BD '& 


60%-70% of Computer Time Free for OFF-Line Work. 
On-line operations rarely demand more than 30%. 

Automatic Programme Modification—while machine is still 

running, and without disturbing remaining programme or stored information. 
Monitoring of Process Variables. 

Automatically records and audibly signals all off-normals. 
Fast Arithmetic. Special unit operates on all process data in 2.8 milliseconds 

—even for square roots, a tedious operation in other computers. 
Continuous Logging of Process Inputs— with all off-normals clearly indicated in red. 
Computation of Plant Performance. Prints out results and gives 

alarm if performance falls short of estimated or calculated optimum. 
Automatic Plant Control. 

Automatically re-sets individual control loops to the optimum level. 
Analogue-Digital Conversion—and vice versa. 
“Routine” Changes Without Interrupting Operation of System. 

The number of index registers for this purpose (most computers 

have very few) is almost unlimited. Programming of extremely complex 

problems is thus enormously simplified. 


The use of solid-state components throughout plus continuous 

self-checking routines and fail-safe circuits make the Panellit 1.S.1. 609 

System the finest in the world and the ultimate choice of every discerning engineer. 

Our specialists will be pleased to call on you to discuss its application to your own work, 


PANELLIT LIMITED 


ELSTREE WAY, BOREHAMWOOD, HERTS ELStree 2040 


ZZ. MEMBER OF THE ELLIOTT-AUTOMATION GROUP 
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. AEI MIXED-GAS THYRATRONS 
IWohla lei vioel- 1) aalel. 


OUTSTANDING FEATURES 
* FASTER STARTING 


* WIDE AMBIENT TEMPERATURE RANGE 


TYPE BT. 109 TYPE BT. 113 
—a 6.4-amp inert gas/mercury vapour thyratron. Fast 
starting. This valve is intended for industrial applications, 


and is a plug-in replacement for American type GL.6858. 


CHARACTERISTICS 
Electrical 


ST. 109 


BT. 113 





Cathode type 

Filament voltage 

Filament current (max.) 

Filament current (min.) 

Voltage drop (max.) 

Cathode heating time 

Ionisation time (approx.) 
Deionisation time (approx. ) 
Anode-control capacitance 
Control grid—cathode capacitance 


Mechanical 


Directly heated. 
2.5 volts 

23 amps 

19 amps. 

15 volts. 

60 secs. 

4 micro secs. 
1000 micro secs. 
4 uw uw farads. 

18 « u farads. 


Directly heated. 
2.5 volts 

5.3 amps 

4.5 amps. 

15 volts. 

30 secs. 

10 micro secs. 
1000 micro secs. 
2 uw w farads. 

7 uu farads. 





Type of cooling 


Mounting position 
Weight (max.) 


Equilibrium condensed mercury 
temperature rise above 
ambient (full load) 

(no load) 
Ratings 


Convection. 
Vertical, base down. 
(114 oz). 

(328 gm). 


32°C. 
29°C. 


Convection. 
Vertical, base down. 
(23 02.) 

(80 gm). 


(approx.) 24°C. 
(approx. ) 23°C. 





Max. peak anode voltage: forward 
inverse 
Max. cathode current: peak 
average 
Max. averaging time 
Ambient temperature range* 





1500 volts. 

1500 volts. 

77 amps. 

6.4 amps. 

15 secs. 

—40°C. to + 40°C. 


* Still air temperature near the base of valves. 


Although valves will operate satisfactorily at ambient temperatures of —40°C. to +10°C., 
life will be reduced at these low temperatures. For maximum life the valve should be operated 
at ambient temperatures within the range +15°C. to +40°C. 


PLEASE DON'T TEAR OUT THIS ADVERTISEMENT— 


Others will want to see it. If you would like to have full 
details of these two new thyratrons, or any other AEI 
electronic components for that matter, all you have to 
do is write to AEI at the address below. Data sheets with 
detailed information will be sent to you without charge. 


DON'T DELAY-Write now and be sure of receiving latest news 
of these and other AEI components as they become available. 


COMING — a 2}-amp mixed-gas thyratron! 





1500 volts. 
1600 volts. 
2 amps. 
0.5 amps. 
15 secs. 





—40°C. to + 40°C. 








* LONG, RELIABLE SERVICE LIFE 


—a 0-amp inert gas/mercury vapour thyratron. May be 
used as a plug-in replacement for BT.19, where maximum 
peak anode voltage is not above 1,500 volts. Fast starting. 
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Be ee 
AEI will be introducing this new thyratron later, so watch for details. 
Better still, make sure your name is on our mailing list for advance information «~~ -q = 2s 2s 24 Ta nib 06 36 96 ok ® 
on all new AEI components. @nio vouTace end vo.Tacs 
BT 113 Thyratron BT 109 Thyratron 
control characteristic contro! characteristic 
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ELECTRONIC APPARATUS DIVISION, VALVE & SEMI-CONDUCTOR sates "* “*!! 


DEPARTMENT - CARHOLME ROAD - LINCOLN TEL: LINCOLN 26435 





modular transistorised high-voltage fey-\\7-1, 





INTERNATIONAL ELECTRONICS introduce in modular form 
their well-proven range of High Voltage Transistorised Power 
Supply Units now employing Ministry Approved components. 
A rigid alloy framework encloses each unit and enabies 
four, if required, to be mounted behind a standard 19° x 7” 
panel. 

The length of any unit may be increased beyond the dimension 
stated if required to fit into existing equipment. 

A large reduction in volume has been achieved without any 
sacrifice in performance; indeed, the ratings are now extended 
to allow operation at ambient temperatures of up to 45° C 
under suitable conditions of ventilation. The characteristics of 
low heat dissipation and excellent short circuit protection are, 
of course, retained. 

The units may be set, by simple link-changing, to provide 
output voltages of 300V, 250V, 200V, 150V, or 100V. Special 
output voltages remain readily available to order. 

Electrical connection to the unit is normally made to turret lugs 
at the rear but plugs or sockets will be fitted as required. 
Excellent accessibility is afforded by easily detachable heat 
sinks and by a plug-in component-board which runs the entire 
length of the unit. 


international Electronics Ltd 
132-135 Sloane Street London SW1 Telephone SLOane 1396 


Output 
Output Output | Impedance RMS Stability 
Voltage Current | to 500 Kcs | ripple less than Factor 

less than 





100 
150 
200 5ohm 
250 
300 
100 
ne ; 63" x 44° x 14” 
250 ’ (min) 

300 
100 


150 . - > 
ja 63" « 44" x 11% 


250 ' ‘ (min) 
309 
100 
= : 63” x 44° x 114%” 
250 , ‘ (min) 

300 





























Provisional Patent No. 4670/60 
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Hewlett-Packard 


Microwave measuring equipment 


Hewlett-Packard, internationally-known electronic test in- -hp- 382 A Precision Attenuators 

strument manufacturer, offers a complete line of micro- are direct reading, have one-control tun- 
wave measuring equipment. ing and high power handling capacity. 
A few of many -hp- microwave measuring instruments are Attenuation 0 to 50 db full range, inde- 
shown here. pendent of frequency. For all bands, 3.95 


-hp- 430 C Microwave Power Meter 
gives instantaneous, automatic power 
readings direct in dbm and mW; usefull 
at all frequencies for which there are 
bolometer mounts. 

Range 0.02 to 10 mW. 

Price 2 % 


-hp- 415 B Standing Wave Indicator 

for all slotted waveguide and coaxial 
sections. Reads in SWR or db; operates 
at any one frequency 315 to 2020 cps. 
0.1 #V sensitivity full scale, 60 db atten- 
uator. 

Price 2 76 


-hp- 532 A Waveguide Frequency Meters, 
wide band, direct reading, no interpola- 
tion or charts. Transmits almost full power 
at resonance; choke plunger tuning elimi- 
nates sliding contact. For H, X, P, K, R 


to 40.0 KMC. 
Price £ 110 to 2 320 


-hp- 752 Multi-Hole Couplers, 
precision couplers available with cou- 
pling factors of 3, 10 and 20 db, direc- 
tivity better than 40 db, coupling variation 
not over + 0.5 db. 
Coupling accuracy + 0.4 db, 
except highest ranges. For 
all bands 2.6 to 40.0 KMC. 
Price £240 to £ 150 


-hp- 487 B Thermistor Mounts, 

no tuning, SWR 1.5 maximum, except 
highest bands; maximum power 10 mW. 
Each unit covers full frequency range of 
its waveguide; virtually no thermistor burn- 
out due with high temperature coefficient 
thermistors. For all bands 3.95 through 
40.0 KMC. 

Price 23 to 2 9 


-hp- 477 B Coaxial Thermistor Mount 

for frequency range 10 MC to 10 KMC. 
SWR less than 1.5. Thermistor element is 
200 ohm negative. No tuning, not suscep- 
tible to burnout. 


bands, 7.05 to 40.0 KMC. 


Price 2 70 to 2 112 


Price £ 30 
(includes thermistor) 


(Many world-famous Hewlett-Packard laboratory instruments Prices delivered U.K. exclusive of duty where payable. 
are now made in the new Hewlett-Packard GmbH plant at Continuous progress in design may affect the above 
Béblingen, near Stuttgart. Here quality engineering and specifications which are therefore subject to change 
lastest manufacturing techniques bring you instruments of without notice. For information, technical sales and engi- 


exceptional performance at moderate price. 


ELECTRONIC ENGINEERING 


neering help, or a demonstration please write or call 


Hewlett-Packard S.A. 


Geneva (Switzerland) Rue du Vieux-Billard 1, Tel. (022) 26 43 36 
Exclusive Distributor for United K 


ingdom: 
LIVINGSTON LABORATORIES LTD. 
31, CAMDEN ROAD, LONDON, N.W.1 
Telephone: GULliver 8501 (10 lines) HPSA - 2 - 412 
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‘SWEEP SIGNAL GENERATORS - LEVELERS 
AMPLIFIERS - SWEEPING OSCILLATORS 
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TRAVELLING WAVE TUBE POWER SUPPLIES 


SAVE TEST TIME, ASSURE TEST ACCURACY 


Testing insertion characteristics of X-band filter with Alfred Swept Generator 

which consists of Alfred Microwave Oscillator and Alfred Microwave Leveler. 

This combination electronically sweeps frequency linearly with respect to time 
while maintaining RF power virtually constant across the band. 


ALFRED'S NEW MICROWAVE LEVELERS 


Ideal instruments for maintaining 
constant power output (+1 db) with 
long term stability. CW or square 
wave modulation. Fast response, very 
high gain assure flat RF output from 


BWO’'s. 


Also available: Model 700 


leveler amplifier, which may be used 
with external RF components. 


4 


Microwave Amplifiers 
LOW, MEDIUM and HIGH POWER 


Microwave amplifiers for virtually every 
requirement—general purpose, medium 
power, high gain, and low to medium noise 
figure. All models feature low spurious 
modulation and stable operation. Also avail- 
able amplifiers of light weight and low power 
consumption. 


UNITED KINGDOM DISTRIBUTORS: 


DALE ELECTRONICS: 


109 JERMYN STREET, LONDON, S.W.! 
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WHITEHALL 4856 


NEW MICROWAVE 


SWEEP 
GENERATORS 


Faster and more accurate than 
conventional Signal Generators 


@ CONTINUOUS DISPLAY allows immediate 
measurements—no plotting needed. Trace can be 
recorded if desired. 


@ SWEEP TECHNIQUE eliminates time-consuming 
“point-to-point” frequency and power setting methods 
of conventional signal generators. Sweep range is con- 
tinuously adjustable with 1°% accurate Direct Reading 
Slide Rule Dial. 


@ “QUICK LOOK READOUT” eliminates calcula- 
tions in setting sweep range. 

@ ADJUSTABLE FREQUENCY MARKERS allow 
rapid, broadband calibration of scope or recorder 
trace. 

@ STABILITY. At any single frequency, stability of 
the Swept Generator equals that of a conventional 
signal generator. Spurious modulation is low. 


@ POWER OUTPUT. Greater than a signal gener- 
ator: 10 milliwatts as compared to | milliwatt. 


FREQUENCY RANGES 1-265 Kmc. 

The swept generator is available in ranges to 26-5 Kmc. 
—1 to 2, 1-5 to 2-5, 2 to 4, 4 to 8, 6&5 to 11-5, 8 to 
12-4, 10 to 15-5, 12-4 to 18, 18 to 26°5. 


DALE ELECTRONICS act as purchasers of American 
electronic material for many leading companies and 
government departments. We will be pleased to quote 
for any item required. 





Write or Phone 
for a complete 
Catalogue of the 
ALFRED range 
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Ernest Turner instrumentation at the BBC Television transmitter, London. 


Ernest Turner electrical measuring instruments represent the highest standards of design 
accuracy and workmanship. Clean lines, easily-read scales and attractive appearance 
combine with technical quality to present precision and industrial grade instrumentation 


in a wide variety of types, ranges and dimensions. 


Full details of all Ernest Turner instruments are given in Catalogue No. 85, available upon 


request. 


ELECTRICAL INSTRUMENTS LTD 
HIGH WYCOMBE - BUCKINGHAMSHIRE - ENGLAND 
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We grew up in a field 
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Entering our third century, we can rightly claim to know an 


awful lot about this precious industry of ours. “Resting on 
of PRECIOUS METALS our Laurels’, however, is not for us—we prefer to think of 
laurels as repeat orders... our repeat orders have come by 


OCTOBER 


1961 


the hard way—by the continuous service we have maintained 
through two whole centuries to the Precious Metal Industry— 
and that is a long time. . . If you can use our experience, 
skill, and service, for silver solders, brazing alloys, electrical 
contacts and contact materials, or precious metals in any 
form, give us a call—you'll find we are ‘old hands at the game’, 


COMPANY LIMITED 
HEAD OFFICE AND WORKS: ROYDS MILL STREET, SHEFFIELD, 4. 
ALSO AT LONDON AND BIRMINGHAM. 
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Daddy of them all 


Most people know the Type 3000 relay; it might be said to be 

the father of all relays. It’s generally referred to as the P.O. 

3000 despite the fact that the Post Office doesn’t give any 

recommendation. 

What has the B. & R. Type 3000 got that puts it in the thorough- 

bred class? 

Well, a pedigree certainly : Joint Services Standard recognition. 

And a distinctive contemporary award—it’s humidity classi- fe oa 

fication H2. Plus, of course, B. & R. reliability—which really e Type 3000 Relay 
means something. 


7 
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& RELAYS 
LIMITED 
TEMPLE FIELDS - HARLOW - ESSEX 


Telephone: Harlow 25231/4 Member of the Gas Purification Group 
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Being fully transistorised, the CV5P 
is compact and simple to operate— 
all channels, one audio and four 
carrier, can be combined for 
simultaneous duplex operation 

for transmission over a radio path 


A E i or two telephone cable pairs. 


The full equipment consists of only 


seven sub-units, in a robust carrying 


transisto rised case. Each unit—by means of the 


plugs and sockets—can easily be 
L disconnected, withdrawn and 
carrier telephone ‘men om 
maintenance. The equipment 


a 
eP «a ul i Pp mm e nt ss 8 is tropicalised throughout. 


Number of Channels 1 audio and 4 carrier, 


... providing 
* . . 4-wire duplex working. 
five speech Cl re u its Channel Bandwidth Sagan c/s "I 


Signalling Frequencies Audio channel—4 kc/s 


Oo n a rad I oO | | n k Or at Sa? Carrier channels—respective 
carrier frequencies 
Carrier Band Width 300 c/s—20 kc/s 


Dimensions of Width 22)” (57 cms); Height 18)” 
Carrying Case (47.6 cms); Depth 11” (27.9 cms) 


Weight of case 63 lb. (283 kg) 


Weight of equipment | 67 Ib. (30 kg) 


Telecommunicaticns Division Transmission Department, Woolwich, London S.E.18 








Associated Electrical industries Limited 
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Low in cost - Highly flexible 
TRANSISTOR P.S.U.s 


Here is the most economical and convenient method of obtaining low voltage power 
supplies to meet differing production or laboratory requirements. 

Mullard Equipment Limited has produced a range of P.S.U. sub-assemblies, consisting 
basically of four simple units which, readily added one to another in building brick 
fashion, will provide power from 1 to 39 volts. And they will do this most economically. 
A | amp stabilised supply need cost only £25. 


A A “ANN gle Nap iRNe BES Nephi 5 » Vian onlin ses sill 


The basic units are :— * 1 amp Unstabilised Unit (YL. 6101) 

* 5 amp Unstabilised Unit (YL. 6102) %* 250 mA Stabiliser and Reference Section (YL. 6103) 
* Series Regulator Section (YL. 6104) + 6 volt Positive Line Stabilisers (YL. 6105) 
Constructed for easy assembly, the basic units may be duplicated in operation for higher 
power applications. 


These P.S.U.s are ideally suited for use in equipments and systems employing other 
Mullard Equipment sub-assemblies such as the well-known Norbits and Combi-Elements. 


For further details please write, quoting reference D/690/10, to: 


ELMER SS aga 
MULLARD EQUIPMENT LIMITED 
RR Rear: ERO 


Manor Royal - Crawley - Sussex - Telephone Crawley 3421 
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DOU Ee ENDED We design and manufacture Ovens to Customers’ 
special requirements. Should you have any problems 

in this field our Technical Department is always willing 

STAI ‘hy L ES $ ST b a L to help you solve them. Vacuum Ovens with tempera- 
tures of up to 600°C are also manufactured by us on 


similar lines but with Sectional Heating and Water- 


VACUUM OVENS sia 
We design, manufacture and supply Vacuum Machinery to 


major companies in Grect Britain and Overseas. 


with glove box for semiconductor devices 











Made throughout in polished stainless steel. Temperature Control: Normal +7}°C. Special + 1°C. 
Single action door openings. Internal Spacing 7” x 8” x 18”. 
Rectangular with self spacings to suit. (can be altered to special requirements). 
Double-ended controls. Vacuum Range: To 10-* m.m. 
Electrical interlocking of air inlet and isolation valve. Respective Vacuum Gauges incorporated. 
Outer cover hermetically sealed. Automatic air inlet valve on Backing Pump. 
Temperature Range 0-400 C. Visual Indicators and Fuses on all switches. 
or equivalent F. Flanged for fitting into Dry Box. 


VACWELL ENGINEERING CO., LTD. 


WILLOW LANE - MITCHAM - SURREY Tel: MiTcham 8211 (3 lines) 


wreowey, 


te, a” 
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FULL RANGE OF SOLENOIDS AND ACTUATORS FOR 
MILITARY, INDUSTRIAL, AND COMMERCIAL APPLICA~ 


TIONS— Cannon's complete line of magnetic devices — solenoids and 


actuators — meet all requirements for missiles, aircraft, digital computers, automatic calculators, 


high speed printers, data processing equipment and other electro-mechanical systems... 
standard, environmental, and specialized areas! Our magnetic devices are available in a wide 
variety of sizes and designs: mil spec, high performance, high speed, miniature and long life. 
Reliable performance for any application, any environment. Solenoids are available with the following 
characteristics: $ inch to 2 inches in diameter e Strokes from -01 to 14 inches e Forces from 5 grams to 
70 pounds e voltages of 12, 24, 36 and 115 VDC e 60,000 Solenoids within the series. For complete 


information write for DCS-6 and S.1 catalogues. 


CANNON ELECTRIC (Great Britain) LIMITED, 168-172 Old Street, London £.C.1 CLErkenwell 4954 “ 
European enquiries to Cannon Electric International inc., & 19, Bornem, Belgium. Telephone (03) 17.35.14 
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TRANSISTORISED 
VOLTAGE 
REGULATORS 


LT-T 200-R ... ... ... WOVA ... ... @69.108 
LT-TIO0O-R ... ... ... 1000VA) 


a... . mayo 


@ Smalier Size 
@ Lower Price 
@ More Robust 


ELECTRONIC 
VOLTAGE REGULATORS 


Cy ee we oe we es FA. oe SE 
Sg ere = — or 
LT $GGOR ... 20. 2. 0 IGQQVA ... ... BIIGS 
LT 3000-R ... ... ... «.. JOOOVA ... ... £180, 0.0 
LT 5000-R ... ... ... ... SOOOVA ... ... £322. 0.0 
LTIOO000-R ... ... ... «.. HKOOOOVA ... ... £47". 0.0 
LTISOOO-R ... ... ... ... ISOOOVA ... ... £770. 0.0 


@ +0-1% regulation against input changes 
@ Response Time 0°! second 
@ Less than 3% Distortion 


CONSTANT VOLTAGE 
TRANSFORMERS 


LT-MVR- 120... 20. eee 120VA_ ... ... £11.10.0 
LTOTVRe BOD nc. nce one 300VA ... ... £19. 5.0 
LT-MVR-1000 ... ... ... [O0O00VA ... ... £42. 0.0 


@ 05°, regulation against input changes 
@ Fast Response 
@ Small Size 
@ Automatic Overload Protection 


J, LANGHAM THOMPSON LTD. 


POWER SUPPLY DIVISION 








BUSHEY HEATH - HERTFORDSHIRE - ENGLAND 


Telephone: Bushey Heath 2411 (6 lines) Grams & Cables: “Tommy Watford” 
POWER SUPPLY DIVISION 
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Exceptional regulation, low ripple and 0-005, Regulation 
fast response characterise the JLT 

range of D.C. power supplies, which Small size 

make full use of the latest “double 

regulator” techniques. Intermedi- Low Cost 

ate voltages and alternative power 
levels can be provided to order. 
Recommended for a wide vari- 
ety of built-in applications or 
for use as bench supplies. 


Transient-free output 
Automatic Overload Protection 


Unaffected by wide input voltage changes 





Dimensions 


Input Equivalent Impedance 


Model Output | Output 


Volts |Current Regulation 


Volts Resistance in 





LTE4/12-5-1-5 185-260 0-010 0-012 1 153” 

5-2 + . 185-260 0-012 0-012 153” 
6-2 r . Z, | 185-260 0-012 0-012 ' . 
10-2 + -0- 185-260 0-012 0-012 
12-2 } +0. 185-260 0-012 0-012 
15-2 n LO- 185-260 0-012 0-012 
18-1-5 4 . -O- 185-260 0-012 0-012 
20-1-5 + . +0- 185-260 0-012 0-012 
24-1 + -0- Z | 185-260 0-010 0-010 
28-1 . . 185-260 0-012 0-012 
30-1 + -O- 185-260 0-012 0-012 
50-0-5 + . +0- Z | 185-260 0-012 0-012 
60-0-5 v . +0- 185-260 0-012 0-012 
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5-1-5 i : +0-05% | 205-250 0-052 0-052 
6-1-5 6+ . +0- 205-250 0-052 0-052 
10-1-5 : ° +0- 205-250 0-052 0-052 
12-1-5 t . +0- 205-250 0-052 0-05 
15-1 t +0- 205-250 0-052 0-052 
18-1 Lt } 205-250 0-052 0-05 
20-1 i +0- 205-250 0-052 0-052 
24-0:5 } . +0- 205-250 0-052 0-05 
28-0-5 Ls . -0-05% | 205-250 0-052 0-05 
30-0:5 , +0-05% | 205-250 0-052 0-052 
50-0-25 : x +0- 205-250 0-052 0-0502 
60-0-25 + . +0-05% | 205-250 0-052 0-052 





5-5 +0-01% | 190-260 0-010 0-010 
6-5 / 190-260 0-010 0-012 
10-5 190-260 0-012 0-012 
12-5 190-260 0-012 0-012 
15-4 190-260 0-012 0-012 
18-3 190-260 0-012 0-010 
20-3 190-260 0-012 0-012 
24-2°5 190-260 0-01 0-012 
28-2 190-260 0-012 0-012 
30-2 190-260 0-012 0-012 
50-1 190-260 0-012 0-012 
60-1 190-260 0-012 0-012 


J. LANGHAM THOMPSON LTD. 
BUSHEY HEATH “aENTEORDEWIRE - ENGLAND SLT 


Telephone: Bushey Heath 2411 (6 lines) Grams & Cables: “Tommy Watford” 


-H-H-H 
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WE DONT KNOW 


... the pattern of glass usage in the electronics industry ... 
how many different kinds of glass are used... what it is 
mostly used for... orall the possible applications you have 
for it. But we do know how to make the finest glass avail- 
able;-whatever your needs. If these are for optical or other 
technical glasses, we’re experienced enough to know the 
right answers, and would like to hear from you. 


CHANCE-PILKINGTON OPTICAL WORKS ‘ p> Pilkington Brothers Ltd - Glascoed Rd - St. Asaph - Flintshire - Gt. Britain 


ELECTRONIC ENGINEERING OCTOBER 1961 





EE 38 107 for further details 





HIGHLY SENOITIVE PHOTOCELL 


peak spectral response 








TYPICAL CHARACTERISTICS 


At a polarising voltage of 5V 
d.c. and ambient temperature 
of 25°C. 


Sensitivity 4.0mA/f.C. 


Dark Photocurrent 
10 sec. after removal of 1 ft. C. 
illumination 


Peak Spectral Response 
5800°A 


Limit Ratings. 


Max. Polarising Voltage 
50V d.c. 


Max. Wattage Dissipation 
0.5W 


WR aS NUS RE eS RT RE LD 
OPE aOR ss i Li WAN OO 
OE Sais an Gah se ORS SO eats 


The K22 sets a new high standard of sensitivity for 
photoconductive cells. Combined with its power 
handling capacity this makes the K22 particularly 
suitable for operating directly, without intermediate 
amplification, standard P.O. type relays even at 


light levels as low as that occurring at twilight Other photoconductive cells in the “K" range are the 
(1 ft. Lambert) K20 (international octal base) and the K21 (wire ended) 


which are of similar design and are intended for high 
voltage operation. 


The balanced spectral response covers the 
Typical characteristics of the K20 and K21 at 


whole visible spectrum with the peak centred in the nite ; 

i bend ki th r ful polarising voltage of 50V d.c. and ambient tempera- 
— aw _ ~~ - ” extreme 7 oo ture of 25°C are the same as those for the K22 except 
when considering photometric applications. that the maximum polarising voltage is 250V d.c. 


PHYSICS DIVISION oh = a ol _t_t eB. 


BEESTON ° NOTTINGHAM 


ERICSSON TELEPHONES LTD - HEAD OFFICE - 22 LINCOLN'S INN FIELDS - LONDON, WC2 
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Ni 


| INDICATOR TUBES 


Tiled a:y:i-melly EN AES 
OWA ULeLery-Viletmelmuilelli a 


Eighteen months of continuous testing with no failures, a life 
expectancy of many times that of standard register tubes— 
plus unambiguous display visible over wide viewing angles 
and remarkably low price, make these tubes a most attractive 
proposition when considering readout equipment. 


In the case of the GR.10.J. side viewing DIGITRON a 
specially designed housing with a simple two screw fastening, 
enables tube installation to be effected easily and quickly from 
the front or rear as required. Tubes can of course be mounted 
immediately adjacent to each other as before for easy group 
readout. 


The GR.10.K. end viewing tube is installed from the front 
by plugging directly into the socket. 


Write now for details of these, the most economical means 
of displaying illuminated digital information at present 


available. 
: *DIGITRON is an Ericsson Registered Trade Mark 


TUBE DIVISION 


BEESTON - NOTTINGHAM 


ERICSSON TELEPHONES LTD~- HEAD OFFICE - 22 LINCOLN’S INN FIELDS+ LONDON WC2 


&R.27 
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regulated ‘HIPAKS’ 
standard D.C. R.F. E.H.T. supplies 
in the range 
5 kv to ISO kv 





MODELS 


MODELS 5B, 10B, 15B, 20B, & 30B. 


100A & ISOA 


Ww 


All models have continu- 
ously variable and reversible 
output, and are fitted with 
kilo-voltmeters, current 


meters and overload trips 


PE EE EES, 


as standard. 

Small physical size, robust 
construction, low ripple and 
good regulation are also 


features of these supplies 


he 


MODEL 
50 A 





TYPE No. | 5B 10B | 15B 30B SOA 100A | 1SOA 


- — —---— ~~ —--—— } -— -- ---| —-—— — } —_—_—— 
OUTPUT 0-5 0-10 | 0-15 | 0-30 | 0-50 | 0-100 | 0-150 
VOLTAGE| kV kV kV kV | kV kV kV 


“OUTPUT | 10mA| SmA| 35 | 3mA|2mA|1mA| 700 | 500 
CURRENT mA | pA | pA 
illustrated leaflet available on request — 
MAY WE SEND YOU A COPY? 











Export Division operated by:— 
APPLIED RESEARCH (instruments) LTD. 
EMEFCO HOUSE - REIGATE - SURREY 
Tel: Reigate 5341/2 Cables: COSMIC Reigate Telex: 2164! 


13-14 The Mall Ealing W.5. 
El ECTRONICS LTD / Telephone: EALing 7176 
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Type L-5 


Insulation Se Tester | 


EXPANDED SCALE YEW Type L-5 has a long and electri- Rated Voltage / | 
cally expanded scale which covers 5 decades of resistance. ored Renstonce | 





Effective 


Ron 
— Measuring Ronge 








; Lowest scale | 2k 2 | 
QUICK RESPONSE The quick response of Type L-5 will | 100V/ 20M Q |0~2 ieistenes od le ine end 0.02~20M 2 





help you read the insulation resistance instantly. - 
20V; SOMQ| »* 001M 0 
SILENT GENERATOR The rotary magnet type generator Fst ” 200M Q 
turns extremely smooth and silent because of its excellent -5| 500V/ 100MQ | - yo : 0.1~100M 2 
dynamic balance. { 
CORE MAGNET SYSTEM INDICATOR The indicator | S00V / 1,000M 000M 1 1~1,000M 
employs a core magnet system in which the yoke acts as ” 0.5MQ 
a self-shield to minimize the external field influence. 1,000V / 2,000M 2 10,000M 2 
GOOD DESIGN YEW Type L-5 has a graceful appearance L-5 B!| 2.000V 5,000M re) 5 0 genoa fk 5~5,000M Q 
with gray colored aluminum case with a wide window. J ot 


0.05~50M 2 











2~2,000M 2 














Ponel Instrument Wheostone Bridge ceo age 
ecording Controller 


Economic Lood Disporch Computer Central Control Stotion of Chemical Plant All-Electronic A.C. Network Analyzer. . 


YOKOGAWA ELECTRIC WORKS, LTD. |WEW) soo 


Heed Office: 3,000 Kichijoji, Museshino-shi, Tokyo, Jepon New York Office; YOKOGAWA ELECTRIC WORKS, INC.; 40 Worth St., New York, N.Y, 
U. K. Seles Agents for insulotion Testers: THE ELECTRICAL INSTRUMENT CO., LTO., Boswell Squere, industrio! Estete, Hillington, Glesgow, S.W. 2 
Sole Distribvter in Austrolic: FPOXALL INSTRUMENTS PTY. LTD.; 1213-1217 High Street, A dole, $&. 3, Melb 

Sele Distribvtor in Teiwon: YUNG HO COMPANY, LTD.; 38 Kwon Chen Rood, Toipei, Toiwon 
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Mallory pack power 
into small capsules 


Commander Shepard's flight in Freedom 7 was a triumph for Mercury 
in a special sense. The designers who built into his capsule 

a return ticket to earth also created new proving ground for 

Mallory Mercury batteries. These miniature high energy sources 
powered many of the instruments in Shepard's capsule. 

Mallory batteries previously powered the radio signals which guided 
pilots to a first ever airborne capture with Discoverer XIV. 

And they won another ‘first’ when they pushed signals from 
Pioneer IV across more than 400,000 miles of space. 

The exceptional power and dependability of Mallory batteries makes 
them admirably suited for medical! electronics and 

industrial instruments as well as for rocketry and space research. 
Whilst their ultra-small size enables designers in other fields 

to miniaturise and retain full power. In hearing aids, 

transistor radios, tape recorders, electronic watches, 

self adjusting cameras and other products, Mallory batteries gain 
space for the designer in many different ways. 


Manufacturers are advised to consult Mallory at 

the design stage so that the full benefit can be gained 
from the world’s most space-saving source of power. 
Please write for literature to 


LS ETAT i OARS, Mallory Batteries Limited, 33 Duke Street, London W1 
Mi A L LO R : miniature batteries for powerful applications 
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... HYDROFLEX SEAMLESS METAL 
BELLOWS HAVE UNLIMITED APPLICATION 
—in pressure sensitive systems, thermostatic 
systems, flexible shaft couplings, pressure 
seals and vacuum seals. 


whatever you manufacture 
there’s an application for 


EY DROFLEX 


seamless Metal bellows 


Write for details to Dept. E.E. 
DRAYTON CONTROLS LIMITED, BELLOWS DIVISION, BRIDGE WORKS, WEST DRAYTON, MIDDX. West Drayton 40/2 
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THE GENERATION OF COMPLEX LOW FREQUENCY WAVEFORMS... 

has hitherto been possible only with extensive electronic circuitry —if, in fact, 

generation was possible at all. Now, with the VLF Function Generator Type 

SG88, ANY waveshape— mathematical or non-mathematical, no matter how 

complex or irregular and provided only that it is a single valued function and 

repetitive-—can be generated. 

New techniques can be applied to old problems, for the generator can be used 

in any application necessitating a repetitive cycle of events. Heartbeats, fuel- 

flow simulation, tidal effects, servo-system tests, load-cycles — 


VLF FUNCTION GENERATOR SG8& 


. Frequency Range: 0.005— 50 c/s. 

. Output Voltage Range: 200pV to 22V peak to peak. 

. Frequency Calibration Accuracy: + 1°% Full Scale. 

. Generation by servo controlled optical mechanical system. 

. Automatic frequency sweep facility. 

. Direction of rotation and waveform reversible. 

. Rapid change of waveform by interchanging glass discs. 
Nett price in U.K. £475. 0. 0. 


nN | 

‘\ i, ile a 

Jj Adranee> COMPONENTS LIMITED 
* 


v\ \ INSTRUMENTS DIVISION 
\ j 
V 


ROEBUCK ROAD + HAINAULT « ILFORD + ESSEX + TELEPHONE: HAINAULT 4444 


SBi/3 
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tr CAN GET YOU OUTOFA & 


ransmitting 
varve——-..... 


solved many thousands of vaive problems from all sides of 
industry. If you have a valve problem, why not take 
advantage of their expert advice? Simply telephone 

RIV 3431 and ask for our Technical Information Centre 


or write to the address below. 


EGEC } THE M-O VALVE CO LTD 


BROOK GREEN HAMMERSMITH LONDON W6 
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NEW BRIDGE MEASURES 0:002 nH & 2010 


Handling complex impedances as a series combination, the Wayne Kerr Low inductance Bridge B321 measures 
inductances from 0.002 microhenry to 100 millihenrys, and resistances from 0.02 milliohm to 1000 ohms. The bridge shows 
an equal display of the resistive and inductive components in the form of a direct in-line read-out. Accuracy is extremely 
high —0.25%—and is completely unaffected by lead length. This highly versatile bridge has been designed for low impedance 
measurements in a wide variety of applications including transformers, chokes, telecommunication components as well 


as the measurement of contact resistance in micro- and heavy-current switches. 
Write or telephone for demonstration or for fully comprehensive literature. 


WAYNE KERR 


THE WAYNE KERR LABORATORIES LIMITED 

New Malden - Surrey - England - Tel: MALden 2202 

WAYNE KERR CORPORATION 

1633 Race St - Philadelphia - Pa - USA - Tel: LOcust 8-6820 





BRIEF SPECIFICATION of B321 Measurement Accuracy + 0.25% 
Measurement Ranges Inductance 0.002uH to 111mH Measurement Frequency 10kc/s + 1% 
Resistance 0.02 milliohms to 1110 ohms Power Supply 110-250V, 40-60 c/s 





Mw2 
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IN A THRICE! 


a silicone rubber that’s easy 
to cure and simple to use.... 


MIDLAND SILICONES LTD 


(Associated with Albright & Wilson Ltd. and Dow Corning Corporation) 
first in British Silicones 


68 Knightsbridge, London, SW1. Telephone: Knightsbridge 7801. 


Area Sales Offices : Birmingham, Glasgow, Leeds, London, Manchester 
Agents in many countries 


ELECTRONIC ENGINEERING 


COLD-CURE SILASTOMER is a silicone rubber you can set at room 
temperature. Add the catalyst, mix it in thoroughly and in minutes—or 
hours if you wish—you have a silicone rubber with all the well-known 
properties of oven-cured Silastomer. Cold-Cure Silastomer is available in 
three different viscosities to suit different processing techniques. When 
potting and encapsulating, for example, use of the fluid grade makes it 


easy to 
include: 
* 


* 
* 
oa 


fill all voids and awkward corners. Its remarkable properties 


Excellent thermal stability—can be used up to + 250°C or 
down to —50°C. 

Outstanding electrical insulating properties. 

High thermal conductivity. 

Protects against moisture, dust, oxidation, weathering, 
ozone, corona and mechanical shock. 


Silastomer is the registered trade name of a comprehensive range of silicone 
rubbers manufactured and marketed by Midiand Silicones Ltd. 


To give you information on all the properties and appli- 
cations of Cold-Cure Silastomer, we have prepared a 
fully detailed and illustrated booklet. Please write or 
phone our nearest branch office for a copy. 
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NEW FROM TEKTRONWIX | 


THE FIAT FULLY TRANSISTORIZED 
BATTERY-PORTABLE OSCILLOSCOPE 


with full specification - high performance 


Weighing only 134 Ibs., the new Tektronix Type 321 is 
by far the most portable oscilloscope obtainable — and 
yet is built to the high performance specification of a 
full-size instrument. Truly “go-anywhere” the Type 321 
can be used in aircraft, ship, car; where mains connect- 
ions are difficult or power fluctuations troublesome; 
where hum pick-up is a problem; or where it is desirable 
to isolate the instrument from earth. 


TRULY PORTABLE 
Battery Powered. 
Weighs only 134 Ibs. without batteries. 
Batteries weigh 2 to 4 Ibs. 
Size only 52” x 82” x 16”. 


HIGH PERFORMANCE 


Vertical Response: DC to 5 MC, 0.07 usec risetime. 
Calibrated Sensitivity: 0.01 v/div to 20 v/div in I1 cali- 
brated steps. Continuously adjustable from 0.01 v/div to 
50 v/div. 


Calibrated Sweeps: 0.5 usec/div to 0.5 sec/div in 19 
calibrated steps. 


Accurate 5x magnifier extends calibrated range to 0.1 
usec/div. Continuously adjustable from 0.1 usec/div to | 
sec/div. 


Simplified Triggering: fully automatic, or amplitude-level 
selection with pre-set stability control. 


4-kV Accelerating Potential on 3” crt. 
6-div by 10 div Display Area (}” div.) 
Amplitude Calibrator. 


NO POWER SOURCE PROBLEMS 


Operates from:— 

1. Flashlight batteries, 4 hour continuous, more with 
intermittent operation. 

2. Ten rechargeable cells, 2.5AH —5 hours continuous 
operation. 

3. 11.5 to 35v de (aircraft, car, boat etc.) 

4. 105 to 125v ac or 210 to 250v ac, 50 to 800 cps. 


Full details of Tektronix Equipment from sole representatives in Great Britain 


LIVINGSTON LABORATORIES LTD 


31 CAMDEN ROAD - 


LONDON - 


NWI 


Telephone : Gulliver 8501 (10 lines) Telex 21830 
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A WHOLE HOST OF ADVANTAGES spring from the 
revolutionary design and construction of the new AEI 
‘Minitrim’ Miniature Potentiometer. The secret is that 
the element, instead of being on the outside, is encapsu- 
lated* in epoxy resin. 

So—the element cannot move under the action of the 
brush ; bunched turns are practically eliminated ; oxidisa- 
tion of the track face is minimised; it is almost impos- 
sible for moisture or dust to enter; acceleration or 
vibration have no effect; heat dissipation is high because 
of the proximity of element and aluminium can. 

The Minitrim is available for individual, stack, or 
printed circuit mounting. 

* This is the ‘patented’ bit. 
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~~ OUTSIDE-IN 
~ POTENTIOMETER 


Patented by AEl 
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DATA 


Resistance values 50kQ to 10k0N+ 
Resistance tolerance +2% 
Insulation resistance 1000M2Q at 500V D.C. 
Max. operating voltage 500V 


Wattage rating 1W at 20°C ambient 
0.5W at 60°C ambient 


Temperature range —40°C to 125°C 
Number of operating turns 20 approx. 
+ Values up to 20k{) will be available shortly 


(designed on 0.5 in. module) 
Length 0.8 in. Cross section 0.4 in. x 0.4 in. 
Weight 3 gms 


ELECTRONIC COMPONENTS 


Send now for full details of the ‘MINITRIM’ MINIATURE POTENTIOMETER 


Associated Electrical industries Limited 

Radio & Electronic Components Division 

155 Charing Cross Road, London WC2 

Telephone: GERrard 9797 tat7/ 106 
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The tables below give data re- 
lating to some of the Transmit- 
ting Valves manufactured by the 
English Electric Valve Company. 
The full list of these valves, 
complete specifications and 
characteristics can be obtained 
on application to the Company. 





Equivalent 
Types 


5867 5867, TY3-250 
833A TY4-350, 833A 


$5762 TY6-5000A, ACT30 
BR 16! | 
BR 189 
BR 1122 
BW 16! 
BW 189 
BY 189 


Service 
Type 


CV1350 
CV635 


CV2383 
CV2322 
CVv5218 


Filament 





| Voltage (V) | Current (A) 








CR 192 6166 
618! 6181, CRIIO1 











14-0 
10-0 


29-0 
175-0 
240-0 
115-0 
175-0 
240-0 
240-0 





175-0 
1-6 





Frequency | voltage § dissipation | 


Mc/s § 


100/150 | . to 30 Mc/s 


30 


30/220 

30/50 
5/50 
5/110 

30/50 
5/50 
5/50 


900 


ENGLISH ELECTRIC 


Anode Anode Type of 


|max. (kV)! max. (kw) | ©oeling 


Natural 


Forced air 
Forced air 
Forced air 
Forced air 
Forced air 
Water 
Water 
Vapour 


{ . Natural 








Forced air 
Forced air 








¢ Previously BR 191 B 


§ The lower value indicates the operating frequency at full rating. Operation at the higher value is possible with suitable derating. 
AGENTS THROUGHOUT THE WORLD 





EVGLISH ELECTRIC VALVE CO. LTD. ¢ 
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Chelmsford, England 
Telephone: Chelmsford 3491 








AP 1234 
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facilities... 


bio 


production... 


pesult...short delivery | 


“New Look” instruments and “New Look” re- 
sources aligned to give an exceptional product and 
a better delivery... these are some of the assets 
which SIFAM progressive expansion ofters discrim- 
inating instrument buyers, designers and engineers. 
A fresh creative approach, in tune with today’s 
design requirements, backed by a store of accum- 
ulated experience of nearly two generations are 
firmly behind these new instruments and the 
forward-looking policy which inspires them. 


r i 
a <i rm More and better instruments are 
ia 


on the way. Be sure to k 


rumerAaliore —atoicaltaprenmnire 


... Skilled craftsmanship and a 
thirty year old Tradition of Excellence... 


SIFAM ELECTRICAL INSTRUMENT CO., LTD., WOODLAND ROAD, TORQUAY, DEVON. 
Torquay 63822/3/4 Telegrams: SIFAM TORQUAY 


ELECTRONIC ENGINEERING OCTOBER 1961 





EE 38 121 for further details 


eg =P ERMINAL r : 


BOARDS 


MOULDED 
INSULATORS Mh / 


CHASSIS 
FURNISHINGS 


to be experienced—talk over your component problems with Harwin 
and be sure of the best and most effective answer. 


Harwin make components—specialise in components. Lugs, 

moulded insulators, terminal boards and chassis furnishings. 

* Off-the-shelf’ or to special] design. 

The quality of every Harwin component is the product of experienced, 
precision manufacture and rigid inspection—meeting, and 

in many cases surpassing standard specifications. In addition, 

Harwin service and specialisation in fulfilling individual needs is something 


SERVICE AND QUALITY 


HARWIN ENGINEERS LTD RODNEY ROAD PORTSMOUTH - HAMPSHIRE - Tel: Portsmouth 35555 (4 lines) 
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PDA TUBE 
HIGH GAIN 
INTERCHANGEABLE 


D33 

double beam 
SERVISCOPE* 
with plug-in 
amplifiers 





* ‘Serviscope’ is the registered trade mark of Telequipment Limited, 





313 Chase Road, Southgate, London, N.14. Fox Lane 1166 


ELECTRONIC ENGINEERING 


D 33 is more 

than a new oscilloscope... 
itis a new 

oscilloscope system. 


D 33 is built to the familiar high 

standards of all Serviscope equipment. 

A special feature is the 34” double-beam 
PDA tube of advanced design, operating at 
3.5 KV to give an exceptionally clear trace. 


AMPLIFIERS 


GENERAL PURPOSE AMPLIFIER 
dual range 

1. D.C.—6 Mc/s at 100 mV/cm. 
2. D.C.—200 Kc/s at 10 mV/cm. 


b 


DIFFERENTIAL AMPLIFIER 
Maximum sensitivity 1 mV/cm D.C.—200 
Kce/s. High common-mode rejection. 


c 

ULTRA HIGH GAIN AMPLIFIER 

Maximum sensitivity 100 uV/cm, 5 c/s to 
150 Ke/s. 


Amplifiers are under development for strain 
gauge and transducer work and for higher 
bandwidths (10 Mc/s). 


Interchangeable plug-in Y amplifiers allow one 
instrument to be adapted to a wide range of applications, 
and still to remain compact, portable ... and 
inexpensive. All connections are made internally as 

the unit slides home. All or any of the basic range of 
amp.ifiers can be supplied, or special units can be 

built to requiremenis. 


WIDE RANGE CALIBRATED TIME BASE 
has 18 pre-set sweep speeds from 1 usec/ 
cm to 4 sec/cm (or slower if necessary) 
and a variable control covering inter- 
mediate speeds. 


VERSATILE TRIGGERING CIRCUIT 

allows two modes of triggering :— 

1. Automatic synchronisation. The time 
base locks automatically to any fre- 
quency between a few cycles and 1 Mc/s 
at any input level. 

2. Selective triggering. Enables the time 
base to be triggered from any selected 
point on the input waveform. 


X EXPANSION CONTROL X10 DIAMETERS 


NEW D.C. COUPLED FLYBACK BLANKING 
ensures uniform trace brightness at slow 
sweep speeds and complete flyback sup- 
pression. 

ILLUMINATED GRATICULE 

facilitates accurate measurements. 
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VACUUM TUBE 
VOLTMETER 
TYPE TF 1041B 


Measures: 

A.C.: 25 mV to 300V, 
20 c/s to 1,500 Mc/s. 
D.C.: 10 mV to | ,000V. 
R: 0.62 to 500 MQ). 
Multipliers for up to 

2 kV a.c. and 30 kV d.c. 

















N VACUUM TUBE 
VOLTMETER TYPE TF 1300 


SUPPRESSED 
ZERO VOLT- 
METER TYPE 
TF 1377 


























A.C. MICRO- 
VOLTMETER 
TYPE TF 1375 
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SENSITIVE VALVE 


VOLTMETER 
TYPE TF 1100 


WIDE-BAND MILLIVOLTMETER 
TYPE TF 1371 











@ 


VALVE MILLIVOLTMETER 
TYPE 899A 

















| 


23} 








U.H.F. MILLIVOLTMETER 
TYPE TF 1262 


Marconi Instruments provide a balanced 

range of precision voltage-measuring 
equipment. Full technical particulars 
are available on request. 


MARCONI 


INSTRUMENTS 


pega 


AM & FM SIGNAL GENERATORS - AUDIO & VIDEO OSCILLATORS - FREQUENCY 
METERS - VOLTMETERS + POWER METERS + DISTORTION METERS 
TRANSMISSION MONITORS - DEVIATION METERS + OSCILLOSCOPES 
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SUB-MINIATURE TYPE CE 


Occupies less than } square inch of 
chassis area. 


-¥- 


relays 


Two changeover contacts rated 0.25A 
at 28 V d.c. 

Insulation proof against 500 V a.c., 
r.m.s. between coil and contact stack. 
Hu Me = —55°C to + 100°C operational 


MINIATURE TYPE CA temperature range. 





PANEL SEAL COAXIAL 
Fully Type Approved to TYPE Cx 
RCS 165 and 166. Meets Spec. DEF 5000 for 
Light and medium duty types ‘A i ky ~: materials and finish. 
have two changeover contacts. Bi = y é Single pole changeover, rated at 
Heavy duty types single make 30 W RF in 50 ohms. 
or break. 0.05 dB max. loss up to 400 Mc/s. 
Available sealed, or unsealed Crosstalk better than 40 dB down. 
with dustcover. 
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MINIATURE COAXIAL 
TYPE CY 


Single pole changeover, rated at 
1 W RF in 50 ohms. 

0.05 dB max. loss up to approx. 
100 Mc/s. 

—55°C to + 100°C operational 
temperature range. 
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HH 


Ht 


MINIATURE TYPE CB 


Based on Type CA with 
heavier magnetic circuit. 


All versions fully Type 
Approved. 


Available with up to 
twelve springs. 


Better than 100 megohms insulation 
resistance at 250 V d.c. 





. VOLTAGE REGULATING 
Twinned platinum contacts TYPE XC 269 


on light duty versions. 


Available sealed, or 
unsealed with dustcover. 


Fully Approved to S.R.D.E. 
Spec. 166/1. 


Temperature compensated in 
range —40°C to +85°C. 


Available for 6, 12 or 24 V 
operation. 





MINIATURE TYPE CC 


Typical changeover voltage 
differential 1 V in 24 V. 


PU LLL LLL LLL Lc LLL LL 


Meets RCS 165 and MIL-R-5757 
specifications. 

Based on Type CA magnetic 
circuit, providing up to four light 
or medium-duty contact sets. 


LHLHSMOUIAASS AP AODLOEOESMEDLEPOGAAADDES TOOLS TEOEU PANNA ASAP AANA A 


meet the latest 
electronic 
requirements 


Available sealed, or unsealed 
with dustcover. 

Printed circuit 

versions available. 


Contact loadings up to 10A d.c., non-inductive, 
can be arranged for Types CA, CB, and CC. 
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THE PLESSEY COMPANY LIMITED 


(Relays and Control Systems Unit) 
Plessey Eddes House - Eastern Avenue West - Romford - Essex 
Telephone: Seven Kings 6050 
Overseas Sales Organisation: Plessey International Limited - Ilford - Essex 
Telephone: Ilford 3040 





Semen tBeirte on. aceens- sone eabhitnenetni eet a want : aaiincits hesitates 


poananenaes 


@RCSia 


ELECTRONIC ENGINEERING OCTOBER 1961 


ese oon noc in ane 





ELECTRONIC ENGINEERING 


VOL. 33 


No. 404 


OCTOBER 1961 


Commentary 


HE fact that the British and German Radio and 

Television Exhibitions were held at the end of last 
August provided an excellent opportunity for comparing 
not only the two exhibitions themselves but of the British 
and German industries as well. 

Our own Radio and Television Exhibition has of 
course been held at Earls Court for more than a decade 
so that one has by now become accustomed to the rather 
out-dated buildings in which it is held and which unfor- 
tunately are likely to remain as Britain’s only large exhi- 
bition site for a number of years to come. 

In the post-war years the German Radio and Television 
Exhibitions have been staged three times in Dusseldorf 
and twice at Frankfurt but this year the Exhibition was 
held in Berlin after a lapse of 22 years in the Exhibition 
halls surrounding the Funkturm or Radio Tower. 

By comparison with Earls Court the site in Berlin 
makes a very pleasant change. It is much more spacious, 
with daylight penetrating most of the exhibitions halls, 
well laid out gardens and adequate facilities in the way 
of restaurants to boot. 

The Exhibition was held at a time of acute political 
tension but every effort was made to create a ‘ business 
as usual’ atmosphere and the signs are that the German 
radio and television industry is a healthy and virile one. 

The Earls Court National Radio Show—the twenty- 
eighth of its kind—was held under the shadow of the 
Pilkington Committee whose pronouncements are due next 
spring and until the future of British television is made 
known, the industry can do no more than anticipate the 
Committee’s findings, and judging from the number of 
convertible television receivers on show it is the industry's 
forecast that we shall find ourselves wedded to a 625 line 
system before long. 

It was nevertheless a highly successful exhibition. The 
attendance was much higher than expected and the amount 
of business done was sufficient to fill the order books 
for months ahead. 

As at Berlin, the main attraction which brought the 
crowds in was television and this year added interest was 
given by the colour television demonstrations arranged 
by the BBC. 

The public appetite—always insatiable where the ‘telly’ 
is concerned—has been whetted by this new attraction, 
but again until the Pilkington Committee has put forward 
its recommendations, colour television although technic- 
ally feasible is still a long way off. 

As well as television, the Pilkington Committee has to 
give some attention to sound broadcasting and to ponder 
on such problems as whether or not the monopoly in 
sound broadcasting is to be maintained by the BBC. 

One thing is quite certain however and that is that in 
spite of television—or perhaps because of it—the demand 
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for ‘steam radio’ is as great now as at any time in the 
past. 

The pattern of radio listening has changed of course 
with the advent of television. The radio receiver no 
longer occupies the pride of place in our homes and this 
is reflected in the type and range of receivers now avail- 
able. The conventional ‘four plus one’ mains operated 
receiver has now given way to the transistorized portable 
receiver, which is now at least a two band receiver in- 
cluding the v.h.f. band, of adequate sensitivity and select- 
ivity and capable of a reasonable output. 

West Germany was comparatively late in entering tele- 
vision in the post-war years and consequently she was 
able to make a clean start and adopt the European 625 
line system without difficulty. 

There was of course television before the war in 
Germany where developments ran parallel to our own. 

A 90 line system using the Nipkow disk was started up 
in Berlin from the Funkturm as far back as 1932 and 
three years later while the BBC was transmitting alter- 
natively on the Baird and EMI systems, a 375 line system 
was introduced and used to televise the Olympic Games 
held in Berlin in 1936. 

A further change to a 441 line system which was to 
have been the standard for Germany was made in the 
early part of 1939 but it did not survive the war, so that 
today West Germany has one of the most modern tele- 
vision networks covering some ninety per cent of the 
population, and radiating a single programme on Band 
III to just over 5 million licensed viewers. 

Her main preoccupation at the moment is the expan- 
sion of the second programme which started earlier in 
the year. At present it is being transmitted on Band IV 
and covers some thirty per cent of the population but 
it is planned to double this coverage by the middle of 
next year by the erection of microwave links and local 
u.h.f. transmitting stations. 

Colour television in West Germany is therefore some 
way down on the list of priorities and in fact colour 
television demonstrations were not to be seen at the 
Berlin Exhibition. 

West Germany has every reason to be satisfied too 
with her own sound broadcasting system which covers 
practically the entire country with an extensive v.h.f. net- 
work offering a wide choice of programme. 

V.H.F. receivers are therefore the rule rather than the 
exception and the centre piece is the v.h.f. transistorized 
receiver—a set which is designed for serious listening as 
well as mere portability. 

The trend is towards higher quality and power—an 
output of about 1 watt is the order of the day—so that 
when used with an external speaker the receiver can take 
full advantage of the high quality transmissions provided 
by the v.h.f. network. 
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THE BARRIER GRID STORAGE TUBE 


By D. J. Gibbons*. 


The barrier grid storage tube accepts an electrical input signal and yields an electrical output at a 

predetermined time later. The characteristics of the tube are discussed from both the theoretical 

and the practical points of view, and a number of design limitations are presented. Practical applica- 

tions of the tube to problems such as storage of digital information, storage of analogue informa- 

tion, frequency conversion, data processing and signal-to-noise improvement by integration are 
considered in detail. 


(Voir page 690 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 697) 


plage of signals is delayed, stored or analysed in 
the solution of problems associated with data process- 
ing, computing, television systems conversion, frequency 
conversion and signal integration. Systems, which in the 
past have proved successful, in specific applications, in- 
clude magnetic drum storage, tape recording, mercury 
delay line storage, c.r.t. phosphor screen storage and for 
digital applications, fer- 
rite core or magnetic film 
storage. Most of the func- 
tions of these devices may 
be performed equally by 
the barrier grid storage 
tube, in many cases, with 
the advantages of greater 
simplicity of operation 
and in others with the 
opportunity for faster 
operation, longer possible 
storage times and faster 
access. The versatility of 
the storage tube com- 
mends its application to a 
wide variety of problems; this article describes the theory 
of its operation in detail, and its application to specific 
problems. 


A diagram of the tube is shown in Fig. 1. The tube 
consists of an evacuated envelope containing an electron 
gun which faces a storage target. The target consists of 
a thin insulating dielectric sheet of aluminium oxide or 
mica coated on the side remote from the gun with a 
conducting signal plate. A fine pitch conducting grid, 
the barrier grid, is held close to the other side of the 
dielectric. The gun provides a focused beam of electrons 
which may be scanned over the target, and a collector 
electrode surrounding the target is provided to collect 
secondary electrons emitted from it. 


In operation, the electron beam is scanned across the 
target; because the electron bombarding voltage is chosen 
so that the secondary electron emission coefficient of the 
target exceeds unity, the dielectric surface (the storage 
surface) stabilizes at barrier grid potential’. The writing 
operation is achieved by depositing charges from the beam 
on the dielectric surface so that its potential is changed 
from this equilibrium value. The reading operation con- 
sists of restabilizing the storage surface to equilibrium 
by depositing equal but opposite charges, and of evalua- 
ting these charges. 


The way in which the writing and reading operations 
are performed determines the relationship between the 
input and output signals of the tube. Their nature is 
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therefore thus chosen according to the function the tube 
is required to fulfil The charges deposited from the 
beam on the dielectric surface may be in either digital or 
analogue form and the way the electron beam is deflected 
during the writing process decides the distribution of these 
charges over the surface. If its performance is to be 
understood and designed to meet any particular require- 
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. 1, The barrier grid storage tube 


ments, the magnitude of the charges deposited under the 
particular conditions the tube is operated must be known. 
Writing 

The writing operation may be achieved in one of ihree 
ways, distinguished as ‘equilibrium writing ’, ‘ non-equili- 
brium writing’ and ‘beam modulation writing’. 

Equilibrium writing may be achieved as follows: If the 
writing signal voltage is applied between the barrier grid 
and the signal plate, the storage surface potential is 
changed from its equilibrium value because of the induced 
charge. Now if an adequate constant beam is scanned 
across the target, the storage surface is again stabilized 
at barrier grid potential by deposition of charges from the 
beam, equal and opposite in magnitude to the induced 
charges. This process entails the deposition of charges 
from the beam at each point of the storage surface pro- 
portional to the instantaneous value of the writing voltage. 
When the writing operation is complete the surface of 
the target retains a complete analogue charge pattern of 
both positive and negative charges. These remain without 
sideways leakage for many hours on account of the high 
surface and volume resistivities of the target material. 
Equilibrium writing may therefore be used for storing 
analogue signals precisely. 

Non-equilibrium writing is achieved when the input 
voltage is applied between the barrier grid and the signal 
plate, as in the case of equilibrium writing, but the beam 
is reduced in magnitude so that the charges deposited 
from the beam are insufficient to restore the target surface 
at any point completely to equilibrium. Input voltages 
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not greater than about + 10V may be applied if signal 
saturation is to be avoided, for reasons described Jater. 
With non-equilibrium writing the signal written-in is 
generally smaller than in the case of equilibrium writing 
and the charge stored is only approximately proportional to 
the writing signal. 


Beam modulation writing is achieved by applying a 
large fixed potential between the signal plate and the 
barrier grid and then modulating the beam current as it 
scans the target. Provided the beam current is at no 
time sufficient to restabilize the target surface to barrier 
grid potential, a unidirectional charge pattern is written- 
in. Large signals may be written-in but, again, the charges 
stored are not proportional to the input signal applied to 
the modulator electrode of the gun. An approximately 
linear charging characteristic may, however, be attained 
by using a writing amplifier with a curved response, com- 
plementary to the characteristic of the gun. 


These writing operations may be understood by refer- 
ring to the basic equivalent circuit of the tube. Fig. 2 
shows the beam represented by a resistance R» (inversely 
proportional to the beam current), striking a small elemen- 
tal area of the dielectric having a capacitance to the signal 
plate of Cr. A convenient way of visualizing this 
elemental target area is to assume that it is the area of 
the target beneath the beam spot, and Cr is the capacitance 
between this area and the signal plate, neglecting edge 
effects. The potential between the barrier grid and the 
signal plate is represented by the voltage V in the figure. 
In practice it is valid to assume that R» is constant for 
a fixed value of beam current provided V does not exceed 
about + 10V. The question of beam impedance is dis- 
cussed later. 


If the beam spends a time ¢t on the elemental target 
area, then equilibrium writing obtains if RyCr <<? and 
non-equilibrium writing if R»Cr>rt. Clearly, since 
t/Cy is inversely proportional to the beam current, the 
extent to which equilibrium is achieved is fixed for any 
given value of beam current-scanning time product, irres- 
pective of the beam current or scanning time. A more 
detailed analysis of this question is considered later; it 
shows that a more accurate value for the target time- 
constant is given by R,(Cr + Cu) where Cy is the capaci- 
tance of the elementary target area to the barrier grid. 


The equivalent process of beam modulation writing may 
be treated as the modulation of R» at the signal frequency, 
remembering that R» is inversely proportional to the beam 
current. 


Reading 


The reading operation may be performed at any time, 
from fractions of a microsecond to several days after the 
writing operation is completed, without appreciable loss 
of stored information. In normal operation, although 
the stored information may be regenerated in any pre- 
determined manner, according to the way the target is 
scanned by the beam, the beam current is adjusted to 
such a value that nearly all the stored information is 
destroyed by the reading process. The reading operation 
consists of reducing the barrier grid-signal plate potential 
to zero (V = 0) and scanning the storage surface with a 
sufficiently large constant beam current to restore its 
potential to equilibrium. The process of reading thus 
entails the deposition of charges from the beam at every 
point on the storage surface equal but opposite in magni- 
tude to the charges present at the end of the writing pro- 
cess. This is known as equilibrium reading since the 
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target surface is thereby restabilized at barrier grid 
potential. Non-equilibrium reading may be achieved by 
using a smaller value of reading beam current and under 
these conditions the tube may be used as a persistence 
device with the number of read-outs limited to about 20. 
Three methods may be used to extract the read-out 
signal. These are known as signal plate read-out, barrier 
grid read-out and collector read-out, respectively. 
Clearly, charges deposited from the beam in the read- 
ing process give rise to displacement currents in both the 
signal plate and the barrier grid connexions by virtue of 
their capacitance to the storage surface. Thus an output 
signal may be taken from either of these electrodes, al- 
though signal plate read-out is to be preferred normally, 
since this signal is substantially free from a ‘ disturbance ’ 
or ‘background’ signal due to non-uniformities of the 
barrier grid. These non-uniformities have only a second 
order effect on the signal taken from the signal plate. 
The third way of extracting the output signal is by 
collector read-out; the unused portion of the beam current 
is re-emitted by the target and reaches the collector, 
whence it returns to earth. The signal in the collector 
circuit thus consists of a pedestal, equal in magnitude tu 














Fig. 2. (left) The basic equivalent circuit of the tube. The beam repre- 
sented by a resistance R, is shown striking a small elemental area of the 
dielectric having a capacitance to the signal of Cy 


Fig. 3. (right) Detailed target operation. C,, is the capacitance of the 
storage area to the barrier grid and C., is its capacitance to the signal plate 


the full value of the beam current, less a current corres- 
ponding to the charges deposited on the target. Apart 
from the pedestal, the collector signal contains a similar 
disturbance signal to that picked up by the barrier grid 
and for the same reason, although the signal-disturbance 
ratio may be less. However, because of the lower stray 
capacitance of the collector to earth, this method may be 
an advantage for very high speed read-out where amplifier 
noise becomes important. 


The Writing and Reading Process in Detail 
It will now be shown in greater detail how the writing 


and reading processes occur. Fig. 3 shows the distribu- 
tion of capacitance between the elementary area of storage 
surface, the barrier grid and the signal plate. Cy is the 
capacitance of the elementary area to the barrier grid and 
Cr is its capacitance to the signal plate. V is the instan- 
taneous value of the voltage between the barrier grid and 
the signal plate and the beam is represented by the resist- 
ance R, and the switch §. Fig. 3 may be compared 
directly with Fig. 2. The analysis below shows that Fig. 2 
is perfectly valid as an elementary concept. 

Consider first the processes of equilibrium writing and 
reading. When a potential V is applied, the potential 
between the storage surface and barrier grid becomes 


Cr 
fre 
When the beam reaches the elementary area of the target 


Vu = 
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in question, the storage surface is stabilized at mesh 
potential; this process can be represented by closing the 
switch S. The charge deposited from the beam to estab- 
lish equilibrium is that necessary to discharge Cx and to 
complete the charge on Cr; this is easily shown to be 
equal to Q = VCr. 

The writing operation is now complete; the reading 
operation starts by reducing V to zero. The charge Q 
now redistributes itself between the two capacitances C7 
and Cx in direct proportion. When the reading beam 
scans the target, the storage surface, which is now at a 
potential of Vu’ = V ue respect to the barrier 
Cu + Ce 
grid, is now restored to zero by deposition from the beam 
of a charge 0’ = — Q = — VCy. When this occurs, a 

Cr : . 
charge of Qr = V ge flows in the connexion to 
CrCu 


the signal plate and a charge of Qu = - V eo 


in the connexion to the barrier grid. For any equilibrium 
reading operation, the reading evaluation efficiency can be 
written as ur = QOr/Qr' if the signal is evaluated by signal 
plate read-out, or ux = Qu/Qr if the signal is evaluated 


Cr 


oc 


by barrier grid read-out. Thus wr = 


M . 
i = oo Typical values of Cu and Cr are -004uF 


and -002uF, respectively. 

If the signal is evaluated by collector read-out, the 
charge flowing in the collector lead is Q’ (neglecting the 
pedestal corresponding to the beam current), and the read- 
ing evaluation efficiency is unity. 


The Rate of Charge Deposition 

It is now necessary to investigate the target charging 
rate and, if one is dealing with the non-equilibrium 
writing or reading, how to estimate the extent to which 
the target has approached its stabilization potential. This 
analysis is important in those applications where the beam 
current-scanning time product is small or where the input 
voltage to the signal plate during writing is more than a 
few volts. 

The rate at which charges are deposited from the beam 
depends on the instantaneous value of storage surface- 
barrier grid potential, the beam current, the secondary 
electron emission coefficient of the target material and the 
energy distribution of the emitted secondary electrons. 
To a close approximation the energy distribution of the 
emitted secondary electrons may be treated as Maxwellian. 
Thus the number of electrons emitted having components 
of velocity normal to the target corresponding to energies 
lying between E and E + dE can be written as N(E)dE 
= A.exp(—E/ev).dE where ev is the average emission 
energy of secondaries and A is a constant equal to o/y/ev. 
Here o is the secondary emission coefficient of the dielec- 
tric and /, the primary beam current. If the barrier grid 
is positive with respect to the storage surface (Vx positive) 
then all the emitted secondary electrons escape and a 
positive charging current of 1 = I(o — 1) obtains. If 
the barrier grid is negative with respect to the storage 
surface (V« negative) slow secondary electrons are re- 
turned to the target near their place of origin and only 
the fast secondaries escape. 

The charging current is then given by 


@ 
tals («ev fexp(— Elev - 1 )=Hie -exp(- Vx/v)—1) 
eV 
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This theoretical exponential charging law is shown in Fig. 
4 together with the measured characteristics of an experi- 
mental tube. It may be seen that the theoretical law is 
a good approximation except in the region of Vu = 0. 
The reason for the deviations in this region is the influence 
of secondary emission from the barrier grid; a small 
proportion of these secondaries are collected by the target 
when it is positive with respect to the barrier grid. 

The theoretical law in Fig. 4 was made to fit the experi- 
mental points best, for a tube having a mica target, by 
using v = 7-0V and o = 1-93 at a bombarding voltage 
of 1-2kV. 

The stabilization value of target potential is the poten- 
tial for which J = 0; this potential is given by 
V, = v.in(c). With v = 7-0V and o = 1-93, V; is thus 
46V. The beam resistance is given by the slope of this 
curve, and, for many purposes, may be considered as 
approximately constant for small potential excursions on 
either side of V;. The value of beam resistance in the 
region of the stabilization voltage is thus Ry = v/I», the 
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Fig. 4. The exponential charging law. The measured points are for an 

experimental tube using a mica target and a woven steel barrier grid. 

u barrier grid-target surface potential and ilip is the proportion 
of beam accepted by the target 


value of R» ranging from v/Ipo at Vu = 0 to vo/I» at 
Vu = 2Vs. 

Taking v as equal to 7-0V, the beam resistance in the 
approximately linear region of the target charging charac- 
teristic near V; is equal to 7:0/J, megohms, when !, is 
measured in microamperes. 

The ratio of two successive discharging signals as a 
function of the beam current can be plotted if the same 
area of the target is scanned by the beam twice. It must 
be remembered that Cu and Cyr are charged and dis- 
charged in parallel so the ‘ discharge ratio’, r, is equal to 
exp (+t/RvCr’) provided the potential excursion of the 
target surface does not exceed + V;; here Cr is equal to 
Cr + Cw. Similar considerations apply to the charging 
rate of the target during the writing process. This func- 
tion is shown in Fig. 5 together with the measured points 
for an experimental tube. The rate of charge deposition 
for larger potential excursions of the target has been 
calculated by Jensen’. 

In practice, although the highest values of discharge 
efficiency are achieved by using the maximum beam 
available from the gun, often the discharge efficiency is 
sacrificed to a small extent by using a smaller beam current 
in order to reduce the background disturbance signal. 
This disturbance signal, which is present, to a greater or 
lesser degree, whether the signal is derived by collector, 
barrier grid or signal plate read-out, increases with beam 
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current. The optimum value of signal-disturbance ratio 


is achieved with a discharge ratio of 4 to 5. 


Resolution 

The number of primary units of information which 
may be stored on the dielectric surface without degrada- 
tion is an important limitation of the tube as a storage 
device. In many applications the tube may be regarded 
as an amplifier of limited bandwidth having a high 
frequency limit corresponding to the overlap of adjacent 
charged areas of the target. The storage capacity or 
resolution is thus expressed as the number of sine wave 
cycles which may be stored across the storage screen 
diameter for a 6dB loss of output amplitude. 
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Fig. 5. The discharge ratio as a function of beam current. The points 

are for an experimental tube having a mica target and an electroformed 

silver barrier grid. Cy = 2 000pF Cy = 3O0pF and the entire target was 
scanned in 17msec 


Positive writing 


Discharge ratio= 5 
Input voltage = 5V Negative 


4 writing 


4 4 7 


50 60 7o 
RESOLUTION IN SINE WAVE CYCLES PER 1-54in (x 1077) 
Fig. 6. Resoluti as f of barrier grid-storage surface spacing. 


The lution is exp d as the number of sine wave cycles per diameter 
for which the output is —6dB relative to low frequencies 














The resolution of the barrier grid storage tube depends 
on the primary beam spot size, the redistribution of 
secondary electrons beneath the barrier grid and the 
selective redistribution of secondaries to adjacent positive 
target areas. Because of redistribution effects, the resolu- 
tion is neither independent of the discharge efficiency nor 
of the polarity of the input signal applied to the signal 
plate. However, with non-equilibrium or beam modula- 
tion writing the resolution is, in general, somewhat higher 
than that obtaining with equilibrium writing and reading, 
since under these conditions redistribution effects are fre- 
quently less serious. 

The way in which the redistribution of secondaries 
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influences the resolution of the tube can be seen in Fig. 6 
where the — 6dB point is drawn as a function of the 
barrier grid spacing, other factors being the same. These 
curves were drawn from measurements made at different 
points on the target of a specially made experimental tube 
having a gradually changing barrier grid-storage surface 
spacing. These measurements were made under condi- 
tions of equilibrium writing and reading (discharge ratio 
r = 8 to 10). 

It can be seen that the increase in spot size is approxi- 
mately proportional to the barrier grid spacing, a result 
predicted by dimensional analysis. A more detailed 
analysis can be applied if one assumes the emitted second- 
aries have a Maxwellian energy distribution and are 
emitted according to a cosine law. If N(x)dx is the pro- 
portion of secondaries returned to the target between 
distances of x and x + dx from their point of origin then 
it can be shown that 

a= n/2 
= (b/2) f cosec 2.exp(—ab.cosec 2a)d 

a tan~' a/2 
where a = (x/2D), D is the barrier grid-target spacing 
and 6 = V~»/v. Graphical integration shows that the 
effective increase of spot size is given approximately by 
2:3 D, provided the target potential excursion does not 
exceed + V, and the discharge ratio is high. The experi- 
mental results give 3-0 D for negative signals applied to 
the signal plate during writing and 2:0 D for positive 
signals. The reason for the difference between the posi- 
tive and negative signal cases is the selective redistribution 
of secondary electrons to positive areas of the target, 
which occurs during both writing and reading when the 
input signal is negative and occurs only during writing 
when the input signal is positive. 

The smallest distance to which the barrier grid may be 
held uniformly from the storage surface is a practical 
limitation to the design of the tube. A number of early 
versions of the tube use a fine pitch electroformed mesh 
held at distances in the region of 0-1 to 0-2mm from the 
storage surface; these tubes have an advantage of low 
signal plate-barrier grid capacitances, but the drawback 
of low resolution, in the region of 20 to 40 cycles per 
target diameter. More advanced versions of the tube 
use a fine woven metal mesh held in close contact with 
the storage dielectric; the depth of this mesh acts as its 
own spacer and thus keeps the spacing at a small but 
constant value. Effective spacings as low as 0-025mm 
may be achieved by these means and resolutions as high 
as 200 cycles per target diameter have been achieved. 
Even higher resolution tubes have been made using a 
special construction of target in which the barrier grid 
is actually embedded in the storage dielectric. 

The theoretical relationships and experimental results 
so far described give the basis for deducing the perform- 
ance of the tube as well as the design limitations for any 
particular application. A number of applications show 
how these relationships are applied. 


N(a)da 


Storing Analogue Information 

Greatest linearity is achieved with equilibrium writing 
and reading. Provided the input voltage is small it is 
immaterial whether it is applied to the signal plate or the 
barrier grid but when the signal exceeds about 20V it 
should be applied to the signal plate keeping the barrier 
grid at a fixed potential. 

Greatest freedom from spurious disturbance signals is 
achieved when the read-out signal is taken from the signal 
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plate. As mentioned earlier, the beam current must be 
sufficient to charge the target to equilibrium and, in prac- 
tice, a linear characteristic is achieved when the charging 
efficiency is in the region of 80 to 90 per cent. The 
transfer characteristics of a typical commercial tube 
(E.M.I. 9511A) are shown in Fig. 7. The abscissa ex- 
presses the input applied to the signal plate during writing 


LS) 
4 


OUTPUT CURRENT (uA) 


lA 





10 20 30 40 SO 
INPUT VOLTAGE (Vv) 





and the ordinate ex- 


same electron gun is used for writing and reading, the 
accuracy with which the beam is centred on any storage 
point depends on the accuracy of the scan voltages and 
not on the alignment of the gun or the deflector plates. 

Regeneration of the information after read-out is 
achieved by sharing the time the beam spends on any 
spot between reading, switching and re-writing. Owing 
to the fact that the same digit may be read-out and re- 
written many times, a certain degree of erasure of sur- 
rounding digits will occur if the tube is used to stere with 
the same maximum capacity normally employed for single 
write-read applications. As a rough guide, only about 50 
per cent of its normal storage capacity should be expected 
when any one digit undergoes 100 read-write sequences‘. 


Frequency Conversion 

If the scanning rates are different for writing and read- 
ing, then the frequency of the signal is changed in direct 
proportion. This may be useful, for example, when the 
problem is bandwidth compression or frequency spectrum 
analysis. The former may be required for the transmis- 
sion of a television picture over a telephone cable or a 
limited bandwidth radio link. The latter may be useful 
for the frequency spectrum analysis of very low frequency 
signals. By increasing their frequency, analysis to a 
much higher degree of accuracy may be achieved with 
filters covering a more amenable frequency range. 

In general, if equilibrium writing and reading is used, 
the beam current required for the reading and writing 
operations is in inverse proportion to the scanning rate. 
If a greater beam current than that necessary to achieve 
about 90 per cent discharge efficiency is employed, a 
degradation of signal-background ratio and resolution will 








presses the read-out 
signal obtained from 
the signal plate when 
the beam current and 
scanning speed are un- 
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that a good degree of 
linearity may be 
achieved provided the 
beam current is greater 
than about three times 
the output signal when 
the input voltage to 
the signal plate is not 
greater than 
+10V. 

The tube circuit used 
for obtaining the re- 
sults of Fig. 7 is shown 
in Fig. 8. Relays are used for switching the tube from 
the writing condition to the reading condition. 


about the results of Fig. 


Storage of Digital Information 

In this application beam modulation is usually employed. 
An input voltage of between 10 and 100V, either positive 
or negative, is applied to the signal plate and the gun is 
driven between beyond cut-off and zero bias. The shortest 
input signals which have been stored, in practice®*, have 
been in the region of 5 x 10-*sec. 

In some applications, e.g. computers, the tube may be 
used as a high speed random access store. Since the 
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Fig. 8. The tube circuit used a obtaining 


be incurred. On the other hand, a lower beam current 
gives rise to loss of signal output and linearity. Thus 
optimum performance requires the beam current to be 
adjusted to within a factor of about 2 of the value giving 
90 per cent reading efficiency (r = 9). 


Signal Coding 

Clearly, if a different scanning pattern is used for 
writing and reading then a coded signal may be obtained. 
Decoding, if required, simply requires another storage 
tube with similar scans used in the reverse order. One 
application for such a use of the tube is the transmission 
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of secret information and another is data processing. 

A similar application of the tube is pulse height analysis 
(kicksorting) achieved when successive input signals are 
written-in on successive lines as traces of uniform inten- 
sity whose length is proportional to the input pulse 
height’. 


Integration 

Integration of repetitive signals may be required for 
signal-to-noise improvement. This may be achieved by 
one of two methods. 

The first method is to use non-equilibrium writing 
under conditions of very low charging efficiency. A 
number of bi-directional inputs may then be written in by 
signal plate modulation. Under these conditions, approxi- 
mately linear integration is achieved if the input voltages 
Cr+ Cu 

Cr 
tube such as the 9511A. The equivalent circuit is that of 
Fig. 3 with a large value of the product R»Cr and it may 
be easily shown that if R» is treated as constant, when a 
number of equal duration pulses of amplitudes, Vj. 

/, are applied, then the charge on the capaci- 
tor is equal to 


are limited to + v. ( Jor about + 10V for a 


Fig. 9%. 
(a) 1“V square pulse in presence of noise 
(6) Integration of 24 pulses of (a) 


Signal/noise improvement by integration 


(c) Nerve pulse, liminal response, in presence of noise 
(d) Integration of 24 pulses of (c) 
Amplifier bandwidth Ikc/s 
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q=kirVi+ P24 r°V,) where k = Cr(1—1/rn(1/r)* 


and r exp ( ; ) and ¢ is the pulse duration. The 
vCr 


relative contributions to the stored charge of the first and 
the last input signals is given by r°~’ and for this factor 


—-/V™.. 0 om Pid 


Np 


Fig. 10. Signal/noise improvement by integration 
electroencephalograph pen record 

(a) Output in presence of noise 

(b) Integration of 24 such outputs 

(c) Trace showing position of stimulating light flash 


to be nearly unity, then r, the discharge ratio, must be 
nearly unity. This implies that when the tube is used for 
integration in this way, if all the inputs are to have ap- 
proximately the same importance then the beam current 
must be biased back so that the overall charging efficiency 
is small. An efficiency of 5 to 10 per cent in the time nt 
(r* = 1-05 to 1-10) is suitable in most applications. 

This method of integration is particularly important if 
the full resolution capabilities of the tube are to be used. 
It may be observed that if the writing amplifier gain is 
reduced in equal steps by a factor r each time the target 
is scanned, the relative importance of the input signals 
may all be made the same, and a higher value of charging 
efficiency may be employed giving a larger output signal. 

If all the signals in a single train can be stored on a 
single line scan then the best method is to use equilibrium 
writing and to store each successive input signal on 
successive lines. The integrated output signal is obtained 
by applying sufficiently large ‘spot-wobble’ for the spot 
to discharge all lines substantially at once when it scans 
across the target. The integration is then achieved by 
the limited bandwidth of. the reading amplifier. If a 
smailer number of signals for integration than is required 
to fill completely the target area is written in, then the 
whole target should be used, and the gaps between the 
lines filled by means of ‘ spot-wobble’. This system was 
developed by P. Styles and A. Buller of St. Thomas’ 
Hospital, London, for the problem of signal-to-noise im- 
provement from stimulated nerve responses. 

Clearly, for reasons of disturbance signals, the beam 
current at no time should be much larger than that neces- 
sary to achieve a charging efficiency greater than about 
95 per cent, so, in general, the integration time-writing 
beam current product should be approximately equal to 
the discharge time-reading beam current product. For 
equal input and output frequencies this means that the 
reading beam should be nm times larger than the writing 
beam where n is the number of integrations. 

Photographs of the signal-to-noise improvement ob- 
tained by using this system are shown in Fig. 9. The 
noise in this case is amplifier noise in a bandwidth of 
ikc/s and the signal is a 1uV liminal response induced in 
a nerve using surface electrodes. 
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Fig. 10 shows how, by using the same system, a similar 
improvement has been obtained by R. Cooper of the 
Burden Neurological Institute, when the ‘ noise ’ is random 
brain activity picked up by electroencephalograph elec- 
trodes and the signal is the response evoked by a flashing 
light source. 


In the results shown in Figs. 9 and 10, the theoretical 
improvement in signal-to-noise ratio of nm’ is approxi- 
mately obtained; in both cases, the improvement is about 
5, achieved by integrating 24 signals. 


Difference Signals 

The barrier grid storage tube may be used to obtain 
the difference between two successive input signals, as in 
m.t.i. radar. The elimination of permanent echoes and 
ground clutter may thus be achieved. 


The charge deposited from the beam under equilibrium 
writing conditions is proportional to the difference be- 
tween the charge on the target before and after the 
writing operation. Hence, the charge deposited from the 
beam on the second of two successive writing operations 
is proportional to the difference between the first and the 
second input voltages at the time the beam is on the same 
part of the target. 

In practice, it is necessary to separate the displacement 
current flowing in the signal plate electrode due to deposi- 
tion of charge from the beam, from the displacement 
current arising on account of the input signal on the 
second scan. This may be achieved by modulating the 
beam at a high frequency and extracting the difference 
signal as the second harmonic from either the signal plate 
or the collector electrode. This method is known as rf. 
separation. 


A Check-Weighing Machine 


A continuous flow check-weighing machine capable of 
weighing packages of up to 280z to within 1g at a rate 
of 120/min has been developed by Telomex Ltd of Hor- 
sham, Sussex. 


The essential feature of this machine is the high speed 
electronic weigh-head which contains a balance system 
unaffected by vibration. 

Basically, the weighing unit consists of a sensitive knife- 
edge system arranged by means of counter-weights to be 
in balance when a correct-weight article is placed upon 
the weighing platform. A coil attached to the moving 
system is free to move in the field of a permanent magnet, 
so that the force produced by a current flowing in the 
coil will either increase or decrease the effect of the 
counter-weights on the balance system. 

The coil, magnet and the associated electronic appara- 
tus maintain the system in balance by supplying a force 
equal to the difference between the weight of the article 
on the weighing platform and the nominal correct weight. 
The balance of the weighing system is under control of 
a servo-mechanism. In this, the position of the knife- 
edge system is detected photo-electrically, the output from 
the photo-cell being connected to a direct-coupled tran- 
sistor amplifier which drives the coil. Any unbalance 
will therefore generate a restoring force in the coil to 
restore balance. The coil current, which is directly pro- 
portional to weight difference, flows through a precision 
resistor thus generating a voltage output which is also 
proportional to weight. 

Packages that fall outside the permissible tolerances of 
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Conclusions 

The foregoing description of the barrier grid storage 
tube shows that it is a tube capable of many applications, 
ranging from e.e.g. recording and integration where the 
frequencies encountered are in the region of Ic/s, to high 
speed nuclear counting where input pulses are as short 
as S5Qnsec. The theoretical behaviour of the target is 
borne out to a good degree of approximation, in practice, 
and the performance of the tube may be calculated fairly 
readily. It is fairly certain that the barrier grid storage 
tube in one of its forms will remain as an indispensable 
tool for the solution of certain physical problems. 
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weight are rejected through a trap door to a take-away 
conveyor belt. 

High speed counters record the number of under- 
weight, overweight and correct weight packages. 


The complete machine 
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IMPROVED HIGH POWER D.C. CONVERTORS 


By J. R. Nowicki*, M.LR.E., A.M.Brit.LR.E. 


D.C. convertor circuits described in this article belong to a family of possible arrangements for con- 
trolling the instant of switching by decreasing the base current. Most of these circuits use two 
transformers. Several other new circuit arrangements are also outlined. 


Details of the design and performance of a practical circuit are given for a high-power push-pull d.c. 
convertor circuit capable of 100W output. 


(Voir page 691 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 698) 


= many of the transistor d.c. convertor circuits which 
have so far been published'**, the switching is controlled 
by increasing the collector current of the transistors, and 
a single transformer usually performs the dual functions 
of controlling the frequency and of acting as the power 
output transformer. Suitable transformers for the applica- 
tion are expensive. 

These circuits have also other disadvantages, of which 
the two principal are summarized here: 


(1) The peak collector current is determined by the 
available drive and is independent of the load, there- 
fore high peak currents exist even with light loads. 
Also, for a given power delivered to the load, the 
ratio of peak current to load current is high. 


(2) The design of the convertor is affected by spreads 
in the transistor characteristics, unless the transistors 
are matched, or each circuit is individually adjusted. 
Even using external base resistors, which reduce the 
unbalance due to the spread in Vie, the collector load 
current is limited to about a third of the rated peak 
current, due to the spread in 2’. 


The two-transformer convertor’, shown in Fig. 1, as 
well as all other circuits described in this article, overcome 
the above-mentioned disadvantages of the usual one- 
transformer type. 


Two-Transformer Push-Pull Circuit 


The new arrangement (Fig. 1) differs from the conven- 
tional type of push-pull convertor in that a small saturat- 
ing drive transformer, 71, is used to control the switching 
and a larger transformer, 72, working linearly, steps up the 
output to the required value. The essential improvement 
is that a higher proportion of the transistor peak current 
rating can be used with all transistors and, therefore, the 
output power can be increased while tolerating full pro- 
duction spreads in the characteristics of the transistors. 


OPERATING PRINCIPLES 


In the basic circuit of Fig. 1 assume that the transistor 
VT; conducts, causing its collector voltage to swing (to- 
wards zero) by very nearly the supply voltage. 

The voltage, building up across the primary of the out- 
put transformer, is applied across the primary of the drive 
transformer 7; in series with a feedback resistor R;:. The 
feedback windings are so arranged that the transistor VT; 
will be reverse biased and will remain cut off, and V7; 
will be held in the bottomed condition. 


As soon as the core of transformer 7; reaches saturation, 
rapidly increasing primary current causes an additional 
voltage drop across the feedback resistor R;. This drop 
reduces the drive, and the collector current of transistor 
VTi, which was bottomed, starts to decrease causing in 


* Mullard Semiconductor Measurements and Applications Laboratory. 
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turn the reversal of the polarities of the voltages in all 
windings. Transistor V7, is rapidly driven to cut-off and 
transistor V7; is switched on. This transistor continues in 
this state until the negative saturation of the transformer 
is reached. 

The circuit switches back to the initial state and the 
cycle is repeated. The oscillation then continues at a fre- 
quency determined by the design of the saturating trans- 
former 7; and the value of the feedback resistor. 














Fig. 1. Basic two-transformer d.c. convertor circuit 


For reliable starting the transistors are initially biased 
into conduction by using a resistor and a diode (R; and 
MR,, Fig. 2). The external base resistors are added to 
reduce the effect of Vi. on the operation of the circuit. 

The collector current in either of the transistors rises to 
the load current plus the magnetizing current of the out- 
put transformer, and the feedback current needed to pro- 
duce the drive. Because the output transformer is not 
allowed to saturate, the magnetizing current is only a small 
fraction of the load current. 


The collector voltage and current waveforms, for a 
purely resistive load, are shown in Fig, 3. 


DESIGN CONSIDERATIONS 


The design of a convertor is normally based on the avail- 
able supply voltage, the required output voltage and out- 
put power. 


The peak voltage at the collector of either transistor, 
when cut off, is approximately twice the supply voltage. 
The supply voltage should, therefore, always be less than 
half of the collector breakdown voltage at the peak value 
of inductive current®. 


The design of the transformers is not critical and a wide 
choice of operating frequency can be tolerated depending 
on the required size and weight of the d.c. convertor and 
its efficiency. 


Drive Transformer 


The voltage applied across the primary of the input 
transformer depends on the value of the feedback resistor 
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and the required drive current. The value of the feedback 
resistor, in turn, is a compromise between the requirement 
of the saturation current of the transformer, the voltage 
applied across the primary, and the operating frequency of 
the convertor, 

The number of turns required for the primary winding 
(N,) is determined as follows, The expression relating the 
operating frequency (f) and various transformer and circuit 
parameters’ is: 


A all 


Where V, is the voltage applied across the primary 
N, is the number of turns on the primary 
B, is the flux density at saturation in gauss 
A is the cross-sectional area in square centimetres. 
Another condition for correct operation is that there 
should be sufficient current available to saturate the core. 


Vec 





























Fig. 2. Basic circuit with starting arrangement added 
This is given by a commonly used transformer equation’: 
4xNI 


a= — a 


1:26NI 
gt pie 
from which, for saturation: 
1-26 Noli 
ae 
where H, is the value of the magnetizing field strength at 
saturation, expressed in oersteds. 


H, is the intrinsic strength of the magnetizing field 
of the material used for the core, expressed in 
oersteds. 


I; is the value of the inductive current in amperes. 


H, = 


lis the length of the magnetic path in centimetres. 


In equation (2), H, is fixed by the material chosen for 
the core, and / by size of the laminations. Therefore a 
value for N, can be obtained for a particular value of the 
inductive current /,. 

This value of N, can now be substituted into equation 
(1) to obtain the operating frequency. If a different fre- 
quency is required, adjustment of the cross-sectional area 
is necessary, which entails a change in the number of 
laminations. 

The number of primary turns having been decided, the 
feedback winding N; is designed from the expression: 


N: = Np. (Vin/ Vs) 
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Fig. 3. Collector voltage and current waveforms for a purely resistive load 


where V;, the required feedback voltage, is given by: 
Ve Voie + [pRv + Vn .... . (4) 
where Vy. is the base emitter voltage for peak collector 
current 
Ty is the base current required for peak collector 
current 
Ry is the external base resistor 


Vue is the forward voltage drop across the starting 
diode MR. 


Output Transformer 
The output transformer, T2, is a normal linear trans- 
former. The primary windings should have a sufficiently 
high inductance to keep the required value of magnetizing 
current low. Also the leakage inductance between primary 
windings should be negligible, which is possible if bifilar 
windings are used. 
The value of inductance, required for each half of the 
primary, can be calculated from: 
L = Vee . (t/im) 
where V... is the supply voltage. 
t is the time of half a cycle 
im is the magnetizing current. 
For high efficiency the ratio of the magnetizing current to 
the load current should be as small as practically possible. 
Starting Circuit 
The circuit shown in Fig. 1 will not necessarily start io 
oscillate, especially when heavily loaded, because both 
transistors are initially cut off. A permanent bias is needed 
for the circuit to have a loop gain greater than unity. To 
ensure this the base current J, (in mA) must be greater 
than: 
25n 
(«Rx - nRw) 
where R,’ is the resistive load appearing across the primary 
winding 
Rw is the total base resistance, both internal and 
external 
n is the turns ratio of the feedback winding. 


Fig. 4. (eft) Equivalent coliector-load circuit 


Fig. 5. (right) Simplified equivalent circuit 


4:1 acl 
Ry/'6 
~ | N,, R 
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The values of Ry» and n are found from an equivalent 
load circuit of Fig. 2, which is shown in Fig. 4. 


This equivalent circuit can be further simplified by 
transferring R; to the secondary side of 7; and replacing 
the two transformers by another transformer with the 
appropriate turns ratio n as shown in Fig. 5. The overall 
feedback turns ratio n is 2. 


To calculate the minimum value of J, required for oscil- 
lation, the quantity R;/16 is added to Ry». Therefore Rw» 
in equation (6) is given by: 


Rw = R1/16 + Rv + Prov’ 


The value of R: can be calculated approximately from:. 


Vo 
2p + Tue 


Ri = 


where /yri is the inverse current of the diode. For silicon 
diodes this is normally small enough to be neglected. 


DESIGN OF A PRACTICAL CIRCUIT 

Several factors affect the design of a practical two-trans- 
former d.c. convertor; these factors and the performance 
of the circuit are now examined in detail. 


Drive Transformer 


Since the required drive is less than one watt, only a 
small core is needed. A square stack of Telcon HCR alloy 
laminations (pattern 224) can be used. This material has 
the following characteristics: 


B, = 15000 gauss, H, = 2 oersteds, / = 5-72cm. 


The cross-sectional area (A) of 50 laminations equals 
0°331cm?. 

If the magnetizing current, /:, is 40mA, then by sub- 
stitution in equation (2) a value of 227 turns is obtained 
for the primary winding. 

To evaluate equation (1), the value of the primary volt- 
age V;, and of the feedback voltage V; must first be 
calculated. 

The maximum base to emitter voltage Vte(max), required 
for the lower limit of OC28 transistors, is 1°6V and the 
maximum base current /pimax) is 375mA for the maximum 
peak collector current of 6A. With an external base 
resistor of 10Q and allowing 1V across the starting diode, 
at 375mA the required feedback voltage (calculated from 
equation (4)) is 6°35V. 


If a turns ratio of 4:1 is chosen, 57 turns are required 
for each feedback winding and the primary current, /), 
is about 94mA. The voltage, developed across the primary 
under these conditions, is: 


Vin =RK. V: 
= 4x 635 
= 25-4V 
From equation (1) the frequency now equals: 


7 25°4 x 10 
4 x 227 x 0-331 x 15 x 10 


= 564c/s 


f 


Feedback Resistor 


The optimum value of the feedback resistor R; is found 
experimentally to be that value which will drop about half 
the available voltage, at the drive current corresponding 
to the maximum load current. 
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The value of the feedback resistor R; is given by: 
py = Waa Vin 
I, 
(2 x 28) — 25-4 
¥4 x 10°° 
= 3260 
The nearest preferred value of 3302 should be used in 
a practical circuit. 





Output Transformer 
If the magnetizing current of the output transformer is 
to rise to 400mA during the half-cycle time ¢ (equals 
Imsec), the value of inductance required for each half of 
the primary as given by equation (5) is: 
1 x 10-° 
a 2 euseenenmseeaan 
b= 28 x 0 x 10° 
70mH. 


To avoid excessive loss of power the resistance of each 
primary winding should be less than 0:20? 


vec 























Fig. 6. Practical two-transformer convertor 


Diode Starting Circuit 

On full load, the reflected load resistance is approxi- 
mately 5°6Q. With a feedback turns ratio of 2, a minimum 
low-current «’ of 20, and R»» equalling 35°62, the minimum 
base current required for oscillation from equation (6) 1s 
1:23mA. 

The value of R:, using a diode to initiate oscillation is, 
from equation (8): 

28 

2 x 123 x 10°° + 002 x 10° 
= 11°3kQ. 


The nearest preferred value of 10k should be used. 


Ri = 





Peak Collector Current 


The peak collector current is the sum of the magnetiz- 
ing current, the feedback current and the load current. 

In practice, due to slight unbalance in the circuit and 
to the fact that the transistors are not matched, the out-of- 
balance current through the output transformer causes 
some pre-magnetization of the core. As a result the 
collector current of one of the transistors will rise to a 
higher peak value than the other. 

The unbalance of the circuit can be reduced by using 
bifilar windings both for the primary of the output trans- 
former and for the secondaries of the drive transformer. 

If no precautions are taken to avoid the unbalance, the 
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load current must be limited to 45A, and the peak 
collector current must not exceed SA. This allows for up to 
1A of out-of-balance current plus surges from the smooth- 
ing system. 

Even with these limitations, an output of 100W is easily 
and reliably achieved using two OC28 transistors in push- 
pull, with 28V supplies, and with the additional advantage 
of using transistors with full spreads. 

With matched transistors and a purely resistive load, 
130W output can be obtained at about 90 per cent 
efficiency. 





T T T 
120}+-— Eb + Sheer 
= @ Output voltage 
= 

200 = 100lg) Frequency 
‘i ll 

(c) Efficiency 
8 

i 


120 5 60 


240 























(ua> sad) & 





80 8 40 


OUTPUT VOLTAGE (Vv) 
8 


b 
° 


20 





























LOAD CURRENT (mA) 
Fig. 7. Effect on operation of varying the load circuit 





LS) 
a 
ce) 
8 


—+——- 600 _ 120 








500 100 
ss 








4400 _ 80 








8 
8 





300 & 60 


200 40 


@ 
° 
rs 
9 


S ath 
200 & 
w 
: ; 
160 80 

3 

- 
& 120 5 
a 
ie 
oO 


a 
° 
iN) 
9 


100 20 























i i i re) re) 
18 20 22 24 26 28 
SUPPLY VOLTAGE (Vv) 


Fig. 8. Effect on operation of varying the supply voltage 


PERFORMANCE 
Measurements and Waveforms 

The circuit shown in Fig. 6 is that of a practical 
convertor. 

Details and comments on this convertor now follow. 
28V 195V 
43A 529mA 
120W 103W 

Frequency 500c/s 86 per cent 

Ripple voltage 220mV 

Although losses in the transformer cores and transient 
losses of the transistors increase with operating frequency, 
the efficiency varies only a few per cent over the frequency 
range 300c/s to Ikc/s. 

The effects of varying the load current and supply volt- 
age over a wide range of values are displayed graphically 
in Figs. 7 and 8. 

Fig. 9 shows the collector voltage and current waveforms 
of the convertor working under full load conditions. The 


Output voltage 
Output current 
Output power 
Efficiency 


Supply voltage 
Supply current 
Input power 
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collector current waveform for a purely resistive load is 
shown in Fig. 9(b). With a small capacitance across the 
load, the output transformer starts to ring. As a result the 
collector current (Fig. 9(c)) rises to a higher peak value. 
If the capacitance is much higher, the oscillation is damped 
and the collector current does not rise to such a high value 
(Fig. 9(d)). It must be emphasized, at this point, that the 
maximum peak current rating of the transistors must not 
be exceeded. 


ees 


Collector voltage 


re 
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nee 


Collector current with 
resistive load of 375Q 


Collector current with 
O-SuF across the load 








Collector current with |\OOuF 
capacitance across the load 


Collector current with choke 
input filter as in Fig. 4 








Fig. 9. Collector voltage and current waveforms for various load conditions 
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Fig. 10. Practical bridge convertor circuit 


The disadvantage of a large capacitive load is that it 
can affect starting when it short-circuits the load initially. 
If this occurs a surge limiting resistor could be connected 
in series with the load, being progressively short-circuited 
when the convertor is switched on. 

For satisfactory operation with a large capacitance 
across the output, it is necessary either to reduce the load 
current, or to use a resistive or a choke input filter. The 
collector current waveform when the latter is used is shown 
in Fig. 9(e). 


Transistor Spreads 
The drive transformer, designed previously, is intended 
to drive a circuit containing the worst possible transistors. 
The performance of the convertor, with transistors 
having high «’ and low V., will be modified very little 
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former with relatively 











little expensive core 
material. The output 
transformer, being a 
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Fig. . Capacitive-resistive timing Fig. 12. Inductive-resistive 


except that the operating frequency might decrease by a 
maximum of 14 per cent from the value calculated. The 
frequency may be adjusted, if required, by extracting a 
few laminations from the core of the drive transformer. 

For maximum spreads in transistor characteristics, the 
change in output voltage, output power and in efficiency 
will be less than 3 per cent. 


SUMMARY OF TRANSFORMER DETAILS 

Saturating Drive Transformer T,: 

H.C.R. alloy (Telegraph Construc- 
tion and Maintenance Co. Ltd.) 
pattern 224, 50 laminations. 
Insulated Components and Materials 
Limited, Type 187A. 

227 turns of 34 s.w.g. enamelled 
copper wire. 

57 + 57 turns (bifilar winding) of 
30 s.w.g. enamelled copper wire. 


Core Material 


Bobbin 
Primary Winding 
Feedback Winding 


Linear Output Transformer Tz: 


Primary Windings Inductance = 70mH/ winding 
Resistance < 0-22 winding 
(bifilar winding) 


Secondary. Winding Resistance < 152 


Turns ratio 1+1: 82 


Further Transformer Coupled Convertor 
Bridge Convertor Circuit Using Two Transformers 

The bridge circuit with four transistors’ can be made to 
operate more successfully by using two transformers. A 
practical circuit with a suitable starting arrangement is 
shown in Fig. 10. 

The required drive is applied by a small saturating 
transformer 7;, in conjunction with a feedback resistor 
R:. 

Transformer 7: has a linear characteristic and it is used 
to step up the voltage to the value required for the load. 

Diagonally opposite transistors,conduct together so that, 
when VT; and V7; are ‘ bottomed ’, the supply voltage will 
appear across VT; and V7, which are cut off. Therefore 
the voltage across any transistor will never exceed the 
supply voltage V.., and this convertor can be used with a 
supply voltage of twice the value allowed for any push-pull 
arrangement. 

The two-transformer bridge convertor, like the push-pull 
version described above, is suitable for variable loads. The 
convertor also has good regulation, It is economical to 
construct because it uses only a small saturating trans- 
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conventional type, is 
relatively cheap for the 
output power obtained. 

OC28 transistors can 
be used in the sug- 
gested circuit, with a 
56V supply, and it is 
possible to obtain an 
output power up to 
200W, with an overall 
efficiency greater than 
80 per cent. 


ue, Eu, 
, a oo -- 








Fig. 13. LC tuned-circuit timing 


OTHER NEW CIRCUITS 
Three other useful circuits are outlined here. 


A capacitive and resistive timing arrangement is shown 
in Fig. 11 and an inductive and resistive timing circuit in 
Fig. 12. The third convertor (Fig. 13) uses an LC tuned 
circuit as the timing element. 

In all three circuits a normal linear output transformer 
can be used. The circuits are complete as shown, except 
for the usual biasing arrangements which must be separate 
for each transistor. In Fig. 11 the timing resistor R can be 
used as one of the biasing resistors, thus requiring only 
one additional resistor between the negative supply and 
the base of each transistor. The same applies to Fig. 13 
where normal diode starting can be used. The diodes pro- 
vide a low impedance path for the conducting transistor. 
In the circuit of Fig. 12, separate resistor-potentiometer or 
resistor and diode starting can be used. 


In all three circuits the drive is arranged such that the 
transistors operate either in the bottomed or cut-off con- 
dition, generating a square wave output. 


Conclusions 


The circuits described in this article have distinct advan- 
tages over the normal arrangements using a saturating 
transformer. Briefly. these advantages are: 


(1) Improved performance under varying load conditions 
with reduced stress on the transistors, even though 
operation up to the maximum ratings of the tran- 
sistors is permissible. 


(2) Transformer design is less critical which allows the 
use of conventional transformers rather than large 
and expensive saturating transformers. This results 
in a 50 or 60 per cent reduction in the cost of the 
transformers. 
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The Use of Thin Films for Computer Storage 


By C. I. Cowan*, B.Sc., A.M.LE.E. 


The development of new digital computers has stimulated an interest in storage systems using 
elements capable of higher switching speed than ferrite toroids and allowing for a simpler method 
of assembly into large arrays. Thin ferromagnetic films satisfy both these requirements and offer 
additional advantages. This article presents a brief introduction to the various aspects of the subject 
—preparation of films, mode of operation in theory and practice and possible ways of utilizing films 
for storage. The coincident-current and the cross-field switching systems of operating a matrix are 
described and the latter is shown to be more practical although introducing some selection difficulties. 


(Voir page 691 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 698) 


NE of the main trends in the development of digital 

computers today is towards a greater effective speed of 
operation. The present time is seeing the emergence on 
the commercial market of computers whose clock- 
frequency is about 1Mc/s, capable in a serio-parallel 
arrangement of performing addition and subtraction in 
10usec or so and multiplication in about Imsec and using 
a high-speed random access store with a cycle time of 
approximately 10usec. Further machines are being con- 
sidered with speeds 10 or 20 times faster than this and a 
considerable amount of development effort will be put 
into the design of high-speed circuits to provide the ‘basic 
bricks’ of such computers. Side by side with this work 
must go an investigation of storage systems that will be 
compatible with these high working speeds and repetition 
rates. These considerations indicate a store with a cycle 
time of less than Iyusec and a storage element switching 
time of less than 100nsec. 

In addition to these requirements it is desirable that the 
cost per bit of the store be as low as possible and that 
the method of assembly be simple and rapid so as to allow 
for the construction of inexpensive units of large capacity. 
Although square-loop ferrite cores which have normal 
switching times of about Ipsec can be used in partial- 
switching, two core per bit arrangements to give high 
effective speeds, it is felt that the basic cost of cores and 
the complexity of assembling them into large arrays limit 
their future possibilities and attention has naturally 
turned to other devices. Of these, the three most inter- 
esting possibilities would appear to be: thin ferromagnetic 
films, cryotrons and tunnel diodes. Each of these systems 
presents formidable engineering problems but only the 
thin film has reached such a stage of development as to 
promise its use in high-speed stores in the near future. 
Although the mechanism of thin film operation is not 
fully understood at the present time, sufficient empirical 
information has been gathered to allow the design of 
successful memories on a scale commensurate with the 
expected size of future computers. 

The object of this article is to give a basic qualitative 
idea of the way in which a thin film can be used as a 
digital storage medium. 


Preparation and Properties of Thin Films 
PREPARATION 

The Ni-Fe films which are generally considered for use 
as storage elements are planar, of thickness about 1 000A 
to 2000A and it can be shown both theoretically and ex- 
perimentally that such films have special properties which 
make them suitable for high-speed memory applications. 





* The Weizmann Institute of Science, Israel, formerly G.E.C. Research 
Laboratories, Wembley, Middlesex. 
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The film is deposited by vacuum deposition’ as shown in 
Fig. 1. Here, a plate, called the substrate is placed in a 
container held at a vacuum of about 5 x 10mm Hg. 
Substrates of glass or non-magnetic conducting material 


_HEATED SUBSTRATE 
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Fig. 1. 


are used. By means of r.f. heating an ingot of nickel- 
iron alloy (approximately 81 per cent to 19 per cent) is 
vapourized and a controllable thickness of it is deposited 
on the substrate, which is also heated. The deposition 
is carried out in a uniform magnetic field (20 to 50 
oersted). If desired, the film may be deposited in dis- 
crete elements, usually circular, by placing a suitable mask 
over the substrate. Earlier systems employed this arrange- 
ment where each element corresponded to one bit in the 
store but now a continuous film is more often used. This 
is allowable because the extreme thinness of the film 
involves a negligible interaction between selected areas. 


Due mainly to the presence of the magnetic field during 
the deposition process, the film possesses a strong uniaxial 
anisotropy in the plane of the film. This means that the 
magnetization vector tends to lie along a preferred or 
easy direction. This easy axis is approximately the same 
for all parts of the film but the effect of strain caused 
during cooling and the angle of the deposition produces 
local variations. It is important that the variations be 
kept to a minimum so that the film characteristics over 
the whole area are uniform to a high degree of accuracy. 
This is usually done by accurate control of temperature, 
by deposition over a limited area and by careful cooling 
of the film and substrate after completion of the evapora- 
tion process, although perfect uniformity is never achieved. 


THE SIMPLE ROTATIONAL MODEL IN THEORY AND PRACTICE 

In order to get some qualitative idea of how the magnet- 
ization vector reacts to magnetic fields applied at various 
angles to the easy direction, a simple model is used", 
This is based on the assumption that for such thin samples 
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of film as described above the structure is that of a single 
domain where switching of the magnetization vector takes 
place by coherent rotation rather than the comparatively 
slow process of domain wall movement, relevant in the 
case of bulk ferromagnetic materials. 
The operation of this model is governed by the expres- 
sion for the anisotropy energy Ex: 
Ex = K sin*a where K 


x angle of magnetization 
vector with respect to 
easy axis. 


the anisotropy constant 


or the anisotropy torque 
IES 
T +3 
. da 
= K sin 22. 


Using this model, B-H hysteresis loops can be calculated 
for fields applied along the easy axis with or without bias 
fields in the hard direction, and for fields applied at an 
angle to the easy axis. The most significant features 
emerging from this are that for fields along the easy axis 
a highly rectangular loop is obtained, degenerating with 
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Fig. 2. Variation of B-H loops with angle of applied ficld with respect 
to the easy axis 
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decreasing coercivity and squareness to a straight line as 
the angle is increased to 90°, i.e. along the ‘ hard’ direc- 
tion, Fig. 2. The amount of flux switching in the easy 
and hard directions can also be calculated to show 
whether rotational switching is taking place. 


Bradley and Prutton’ have shown that the comparison 
between the calculated and measured results for the same 
conditions reveals that the model at best gives an approxi- 
mate, qualitative picture of the switching process, but only 
if the sample is of thickness less than about 2 000A. 
Apart from quantitative discrepancies, for example, as far 
as calculated and measured coercivities are concerned, the 
most important difference is that the model predicts rota- 
tional switching in all cases, whereas measurements show 
that for the instances when fields are applied exactly along 
the easy axis or the hard direction, no rotation occurs. 
In these cases, switching probably takes place by a wall- 
motion process, due to the break-up of the film into a 
multi-domain structure. 


The expression for anisotropy torque as a function of 
angle shows that the easy axis (2 = 0° or 180°) is a stable 
position for the magnetization vector whereas the hard 
direction (2 = 90°) is an unstable position. Thus it is 
predicted by the model that if a strong enough field is 
applied to swing the vector to the hard direction and then 
removed, the torque is such as to return the vector to one 
direction of the easy axis. 


In practice, if such a condition is tested experimentally, 
it is found that, after removal of the field the structure 
breaks up into a number of domains in such a way that 
roughly half are orientated at 2 =0° and half at « = 180°, 
i.e. there is no net flux change along the easy axis. 
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These theoretical and experimental considerations indi- 
cate the important features of thin-films from the point of 
view of digital storage. 

(1) Two stable states along the easy axis, with an 
unstable state along the hard direction. 


(2) A rectangular B-H loop for fields applied along 
the easy axis. 

(3) Coherent rotation of the magnetization vector for 
fields at an angle to the easy and hard directions, 
giving the possibility of very short switching times 
(e.g. 1Onsec). 

In addition, the high ratio of surface to volume inherent 
in the film geometry means that heat dissipation for high 
repetition rates of switching would not be a problem as 
it is with cores. 


Selection and Switching of Storage Elements 

There are a number of different ways of making use 
of the film properties outlined in the previous section for 
digital computer storage. Some of the basic methods of 
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Fig. 3. Arrangement of strips in relation to film and substrate 
switching and selection will be outlined here to show the 
possibilities, although the list is by no means exhaustive. 

Fields can be applied in the plane of the film by driving 
current through strips passing over the film and substrate 
(Fig. 3). These strips can be made by printed wiring 
techniques and therefore complete sets of conductors can 
be laid over the film quite simply. The width of strips 
used may, typically, be 1 or 2mm with an interstrip 
spacing of the same order. The areas of the film used 
for storage may be formed as discrete elements during 
the deposition process or may simply be selected from 
a continuous sheet of film by the field pattern developed 
by the current in the conductors. Although systems em- 
ploying a continuous sheet of film are more widely used 
now, for the sake of clarity, in the following descriptions, 
the film is considered to consist of discrete elements. 


COINCIDENT-CURRENT SWITCHING 


This method adopts the same approach to selection and 
switching of the storage element as that applied in the 
case of the coincident current core-store (M.LT. system)* 
where both reading and writing operations are performed 
by coincident-currents. Consider Fig. 4(a) showing the 
rectangular hysteresis loop of the film measured along the 
easy axis, with coercivity H. (of the order of 1 or 2 
oersted) and the two remanent states +B; and —B,, corre- 
sponding to the two stable directions of the easy axis, de- 
signated arbitrarily 1 and 0 as indicated. In addition, a sense 
loop is placed round the film to detect a change of flux 
in the easy direction. Assume that the film is in the 
remanent state +B,, ic. storing a ‘1’. If now a field of 
— (H./2) is applied by passing a suitable current through 
one strip there will be no change of flux and there will 
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be no output from the sense loop. Repeated application 
of —(H./2) should not affect the film although in practice 
there wiil be a small change of flux initially. 

If now a second parallel strip is driven to give a total 
field of — H,. the flux will switch over, giving an output 
voltage at the sense loop and on removal of the field the 
film will remain at — B,, i.e. at the ‘0’ position. If the 
film had been in the ‘0’ state to start with, applications 
of — H. would have produced no flux change and no 
output voltage. This process then is that of ‘reading’ 
as it allows one to detect whether there was a ‘0’ or ‘1’ 
stored. The process of ‘writing’ is the reverse of the 
above. As writing will always be carried out after read- 
ing, the film is initially in the ‘0’ state, so that to write 
a ‘1’ means applying a total field of + He. 

This. method of reading and writing allows a matrix 
type of assembly to be made up. Fig. 4(b) shows nine 
areas of film deposited on one substrate with suitable 
strips arranged in rows and columns. If it is required to 
read the contents of element Q lines X. and Y3 are ener- 
gized, so that only element Q is subject to the full field, 
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Fig. 4: (a) B-H loop measured along easy axis 
(b) 9-Element coincident-current matrix 


causing it to switch and produce an output voltage at the 
sense winding which is common to all elements on the 
plate (not shown). The other elements are subjected only 
to half fields and are therefore not affected. By these 
means it is possible to select one element from a group 
of n elements with a total of 2Vn rows and columns, i.e. 
2Vn current drivers. This arrangement can be repeated on 
m plates, where m is the number of bits in the computer 
word, the corresponding rows and columns on all plates 
being connected together so that, for example, energizing 
lines X; and Y; will drive the corresponding film elements 
on each plate. Naturally, the sense lines are separated for 
each plate. Thus, if the stored word is | 0 

a voltage will be obtained from the sense line on the 1* 
plate, no voltage on the 2" plate, and so on. 

To write, reverse currents are applied to the appropriate 
lines and to prevent switching (where a ‘0’ is required) 
another separate conductor passing over all the elements 
on each plate parallel to the other strips can also be 
driven so as to inhibit half the field supplied by these 
strips. In this case no element on that particular plate 
will be driven by more than +(H,./2). Thus to write 
the word | 0 .... inhibit current is fed to the 1* plate, 
no inhibit current to the 2" plate and so on. 

In order to make a practical coincident-current system 
of reading and writing, it is important that the coercivity 
and squareness of the B-H loop of all elements be as uni- 
form as possible. If these features vary, there is the 
possibility that half-currents will have an appreciable 
switching effect on the unselected film elements which 
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would have a serious effect on the storage and noise level 
properties of the system. In the case of core-stores the 
problem can be partially overcome by a careful selection 
of individual cores before use in a store. With films, 
however, all elements on a plate must be satisfactory for 
the plate to be suitable for use. Unfortunately it is found 
that the value of H. can vary quite appreciably over the 
area of a deposition and it seems to be very difficult to 
control this variation. It is due, in part, to the fact that 
the anisotropy axis is not the same for all parts of the 
film, consequently there will be areas where the applied 
fields are at an angle to the easy axis. As pointed out 
earlier this implies a loop of decreased coercivity. 


Easy axis 
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Fig. 5. Cross-field switching method 


Another disadvantage stems from the fact that driving 
along the easy axis causes switching by the relatively slow 
domain-wall motion process, so that the high-speed poten- 
tialities of the film are not realized. To overcome this 
problem, a system has been described where the film is 
driven at an angle to the easy axis’. However, although 
this would certainly produce a rotational switch it would 
severely aggravate the problem of half currents partially 
switching the film since the loop will now be less rect- 
angular. At the present time control of the characteristics 
of the deposition is such that it would be impractical to 
engineer such a coincident-current system. 


Cross-FIELD SWITCHING 

A method’ of reading and writing which does not de- 
pend directly on the B-H loop for purposes of selection is 
shown in Fig. 5. Consider, first, the ‘read’ operation, 
with the magnetization vector initially in the ‘1’ state, 
Fig. 5(a). If a field (the drive field) is applied along the 
hard direction the vector will swing round into line with 
it, Fig. 5(b), causing a voltage output at the terminals of 
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a sense loop placed with its plane along the hard direc- 
tion so as to detect flux changes along the easy axis. With 
the film starting from the ‘0’ state the direction of flux 
change and phase of the output voltage would be reversed. 
On removal of the drive field the vector will be in a posi- 
tion of instability. If, however, a field (the digit field) 
is applied along the easy direction before the drive field 
has been removed the vector will be influenced to switch 
either to the ‘0’ or ‘1’ state depending on the direction 
of the digit field, Fig. 5(c), Thus the ‘write’ operation 
is carried out immediately after reading. Further, if the 
digit field is less than the coercivity of the B-H loop mea- 
sured along the easy axis, it should have no effect on a 
film which has not been switched to the hard direction. 
Fig. 5(d) shows the relative timing of the pulses, used in 
such a system. Note that only the first output voltage 
pulse is made use of—the second pulse could be gated out. 


The major advantages of this system compared with the 
coincident-current arrangement are: 


(1) A relaxation in the material requirements since 
the coercivity and squareness of the B-H loop 
do not have to be so closely controlled. 


(2) The wide tolerances allowable in operating cur- 
rents, since in practice, the drive field current is 
limited only by a lower threshold, and the digit- 
field current can lie between limits set, on the 
one hand by anisotropy torque due to the maxi- 
mum angular misalignment of the film with respect 
to the fields and, on the other hand, by the B-H 
loop coercivity. Typical values of current ampli- 
tudes would be, drive-field current ~ 0-75A, digit- 
field current ~ 0-25A with a strip about Imm wide. 


(3) The output signals corresponding to ‘0’ and ‘1’ 


read-out are of equal amplitude but of opposite 
phase. This eases the problem of amplifying the 
output signal in the presence of noise. A typical 
signal level may be 3 or 4mV with an approxi- 
mate pulse width of 0-1 usec. 


Since the reading process does not inherently provide 
a means of selection as it does in the case of the coinci- 
dent-current system it is necessary to employ a ‘ word- 
organized’ arrangement to build up a store, rather than 
the ‘ bit organized’ matrix discussed in the previous sec- 
tion. The difference, from the point of view of the 
assembly is that in the word-organized (Cambridge) system 
all bits of a word are on one plate’. Fig. S(e) shows a 
basic system of 9 elements on one plate, with strips for 
drive and digit current. The sense loop is parallel to the 
digit strip (not shown). If a drive current pulse is fed to 
strip Y; bits, P, Q, R, will be switched to the hard direc- 
tion, producing a voltage at the sense lines of phase 
depending on whether a ‘1’ or ‘0’ was stored. Before 
removal of this drive current, digit current pulses can be 
applied to each digit strip. The direction of the digit 
currents will determine whether a ‘1’ or ‘0’ is to be 
stored in each bit position of the word. The other bits 
on the plate should be unaffected by the currents. The 
store is expanded, quite simply, by increasing the number 
of words on a plate, and by increasing the number of 
plates. 


The above method requires two sets of digit current 
drivers—one for each direction of current. A system which 
requires only one set of digit current drivers has been 
described”. Here the elements are driven at an angle of 
about 5° to the hard direction and since the vector is not 
brought to the unstable position, the anisotropy torque 
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at « = 85° can be exploited to return the film to the ‘1’ 
state, so that only one direction of digit current pulse 
is required to return the vector to the ‘0’ state. The 
disadvantage of this method is that a tighter control must 
be made of the uniformity of the anisotropy axis direction 
over the whole area of the deposition. 


SELECTION PROBLEMS 

Although the direct-selection system of operation is pre- 
ferred to the coincident-current system because of the 
greatly increased tolerances allowable on the material and 
drive currents, there is the disadvantage that some means 
of word selection must be provided. In the case of core- 
stores using the direct-selection method, this is carried out 
using a matrix of square-loop ferrite cores or semi- 
conductor diodes (for example, Renwick’) so that for a 
store of n words a total of 2Vn current drivers is needed. 
The same arrangements can, in principle, be used for thin 
film selection, but due to the increased speed of working, 
new problems arise. 


(1) As the switching speed of the film increases, in- 
volving drive currents with rise-times of SOnsec 
or less, the ferrite-core switch, which must act 
both as a selection device and a current trans- 
former, becomes rapidly less efficient due to its 
own rather slow switching speed. To overcome 
this, it is necessary to overdrive grossly, so that 
input currents to the core may be two or three 
times the current fed to the film drive conductor. 
This problem is made worse by the fact that the 
film drive loop will possess appreciable induct- 
ance (~ 100nH). 


2) Diodes must be capable of passing comparatively 
high currents (up to 1A) and yet recover suffi- 
ciently quickly to allow rapid cycle times to be 
maintained in the store (for example less than 
0-Susec). 


Fortunately, such diodes are available and although 
naturally more expensive than ferrite cores, they will prob- 
ably be used in future systems. 


Conclusion 

Thin films of Ni-Fe less than 2000A thick display 
single domain coherent rotation properties useful for their 
application as elements in a computer store. They have 
two stable states, the potentiality of switching rapidly and 
their flat configuration leads to the possibility of a simple 
construction of a complete matrix. The use of coinci- 
dent-current operation appears impractical and an alter- 
native-system using cross-field switching is now widely 
used. 
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A FOURIER TRANSFORM GENERATOR 


By G. F. Newell*, A.M.LE.E., 


and W. K. E. Geddes*, M.A. 


(Part 2) 


(Voir page 620 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 627) 


Technology 
DERIVATION OF HARMONIC WAVES FOR SYNTHESIS OF THE 
TRANSFORMS 

The two most obvious methods of generating a series 
of harmonically related waves are either to extract them 
by means of filters from short impulses recurring regu- 
larly at, or below, the required fundamental frequency or, 
alternatively, to divide down from a frequency much 
higher than those required. The first method requires 
considerably more elaborate filters than does the second, 
because, if each component frequency is to be determined 
to much better than 1-0 per cent, all the filters must 
attenuate all unwanted components by considerably more 
than 40dB. Filters with this degree of selectivity require 
careful attention to the stability both of the applied fre- 
quency and of their own components in order to avoid 
changes of relative amplitude and phase with ambient- 
temperature change. 

Using the second method, 


the harmonics can be ob- 





MASTER 


HLL ATO! 
coe 


lowest common multiple of the wanted frequencies, and 
this would necessitate an extremely long chain of divider 
stages. 

In the apparatus described here (see Fig. 7) a modifica- 
tion of the second method was adopted and the master 
oscillator operates at 120 times the lowest required fre- 
quency. This permits ten of the required harmonics to 
be selected by division. A further two are obtained by 
selecting the third harmonics of two waveforms from the 
divider chain and the remaining eight harmonics are 
produced by intermodulation of waveforms selected from 
the divider chain. Balanced modulators are used to 
minimize the unwanted components presented to the filter 
input. In order to simplify the problem of maintaining 
constant delay through all the filter chains, simple 
coupled-circuit band-pass filters are used. 


THe Divider CHAIN 
The master oscillator operates at a frequency of 60kc/s 
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Fig. 7. 
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tained in the form of rectangular waveforms by the use 
of bistable circuits dividing down from higher frequencies. 
The filters required to convert these rectangular wave- 
forms to sinusoidal waveforms are relatively simple because 
there are no unwanted components at frequencies lower 
than the one required, or less than one octave above it. 
In the case of a square waveform, the nearest unwanted 
component is the third harmonic with an amplitude one- 
third that of the fundamental. Filters capable of such 
relatively low selectivity can be made to have sufficiently 
uniform amplitude and phase/frequency characteristics to 
permit some instability of the master oscillator without 
introducing relative changes in the amplitudes and phases 
of the filtered harmonics. 

Unfortunately, the second method becomes impractic- 
able if a large number of harmonics is required because 
the master oscillator must have a frequency equal to the 
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q y derivation 


giving a fundamental frequency for the unit, hence- 
forward referred to as fo, of 500c/s. This frequency was 
chosen as the lowest compatible with easy attainment of 
the desired values of Q factor in the filter inductances. 
The oscillator is a transistorized version of the circuit 
described by Gouriet® and is stabilized at a low level to 
give linear operation. To minimize the overall effects 
of ambient-temperature changes, the frequency determin- 
ing elements in the oscillator have been chosen to have 
the same temperature coefficients as those in the band- 
pass filters; in practice a long-term stability of about 1 
part in 10‘ has been achieved. The output from the 
oscillator is converted by a blocking oscillator to a series 
of 60kc/s pulses which drive the dividing circuits. 

For economy in the design of the filtering and multi- 
plying stages, it is desirable that the counters should have 
push-pull output voltages of high amplitude; for this 
reason Eccles-Jordan circuits are used for most of the 
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counters. For the highest frequencies, however, 
where these requirements do not apply, an asym- 
metrical circuit due to Chaplin and Owens’ is pre- 
ferred, being faster, simpler and readily adaptable 
to function as an automatically re-setting gate. 
These gating circuits are combined with binary 
circuits to give division by three and five. Fig. 8 
shows the arrangement of the oscillator and count- 
ing circuits. Further Eccles-Jordan binaries, not 
shown, are connected in cascade from the points 
indicated to produce lower frequencies. It is 
essential that the various branches of the dividing 
chain shall operate with a given time relationship. 
When the unit is switched on, the correct relation- 
ship is established by a spring loaded RESET switch 
stopping the oscillator and pulling all the bistables 
over to the required polarity. 
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Fi_TerR CIRCUITS 


Fig. 9 shows a typical circuit used to filter one 
of the output harmonics from a divider waveform. 


An emitter-follower, with provision for inserting 
quadrature phase-shift, drives a common-emitter 
amplifier having as collector load a capacitively 
coupled pair of tuned circuits which constitute the 
band-pass filter. The paraphase outputs of the 
filter drive a pair of emitter-followers with the 
front-panel potential dividers as emitter loads. 

When the binary counter operating at the lowest 
frequency changes state, all the other counters 
down the dividing chain also change state simul- 
taneously. Because of this, the fundamental com- 
ponents of the square waveforms are approxi- 
mately in a sine relationship. The filter circuit 
imposes in all cases a phase shift of =/2 at its 
centre frequency, so that the output waveforms 
are approximately in a cosine relationship. The 
network LsC, which gives a phase-shift of =/2 
at the operating frequency is therefore used in the 
‘SINE’ position of the ‘SINE/COSINE’ switch. 

The filter configuration used has the advantage 
of simplicity of design and construction, and of 
converting the unbalanced input into a balanced 
output. The two tuned circuits are critically 
coupled and have a relatively flat amplitude/ 
frequency characteristic around the mid-frequency 
and a linear phase/frequency characteristic, Le. 
constant delay. The value of this delay is made 
equal for all of the filters so that a small drift in 
the frequency of the master oscillator does not 
upset the phase relationship between harmonics. 
As the filters also use similar components, changes 
in ambient temperature tend to alter all delays 
equally, thus minimizing relative phase variations. 
In addition, the inductors and capacitors have 
approximately-compensating temperature  coeffi- 
cients. 

Pre-set controls for the fine adjustment of ampli- 
tude and phase, independently variable for sine and 
cosine outputs, are provided, as shown in Fig. 9, 
between VT; and V7». These controls number 
eighty in all, so that their associated circuits are 
of necessity rudimentary, giving limited control 
and some degree of interdependence between am- 
plitude and phase. They are, however, adequate 
to correct for the small drifts encountered once 
the device has been initially set up. For this 
initial alignment small capacitors (Cy and Cy) and 
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selected resistors (R2, Ry, Rs and R) are used to bring 
phase and amplitude respectively within range of the 
controls. 

Two frequencies, 15f, and 18f., are derived by filtering 
the third harmonic from a divider waveform. This 
necessitates additional gain, which is obtained by lowering 
the emitter resistor of V7; and by adding a further 
emitter-follower to preserve the high impedance offered to 
the fine-adjustment circuits. 


MULTIPLYING CIRCUITS 

The type of circuit used to derive the remaining eight 
frequencies is shown in Fig. 10; in every case one or 
other of the waveforms at frequencies 5f, or 6f. is mixed 
in a balanced modulator circuit with an output from the 


FILTER FOR FREQUENCIES 1,2,3,4,5,6,6,10,12,15,18 and 204% 


through the output amplifier and the oscilloscope, the 
constant amplitude component is included in the signal 
by a modulation method which does not involve the 
handling of d.c. The central potential divider carries a 
square wave of frequency f./2 and amplitude equal to 
the peak amplitude of the sinusoidal voltages across the 
other dividers. The required constant-amplitude com- 
ponent is thereby added to and subtracted from the signal 
during alternate periods of 1/f.. The output amplifier 
then suppresses the resultant signal to zero during the 
‘subtraction’ periods, so that the final output consists of 
alternate periods of the transform, with its constant- 
amplitude component, and of a correctly positioned 
horizontal axis. By suitably synchronizing the time-base 
of the display oscilloscope, the two may be superimposed. 
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Fig. 9. Arrangement of the filter stage 


dividing chain. Emitter-followers distribute these two 
waveforms, unfiltered to avoid the introduction of extra 
delay, which would upset the ‘equal delay’ conditions 
previously mentioned. 

The outputs of the multiplying circuits are basically in 
a ‘sine’ relationship, and quadrature phase-shift must 
therefore be introduced when the switch is in the ‘COSINE’ 
position. This is conveniently done by transferring to the 
stages distributing the waveforms at frequencies 5/, and 
6f. the same networks which are used in the ‘ SINE’ posi- 
tion of the switch. 

The multiplying circuit consists of the four transistors 
VT; to VT; connected as a balanced modulator. The 
two states of the associated binary circuit cause the pairs 
VT2, VT; and VT, VT; to be alternately cut off and 
biased to conditions of linear amplification. Push-pull 
signals containing the frequency Sf, or 6f, are applied 
to the bases, paired differently, while the third possible 
pairing arrangement is used to couple the four collectors 
to the input of the filter. Beyond this point the circuit 
is identical with that used for the directly filtered fre- 
quencies. 


ZERO FREQUENCY COMPONENT 

The output from the central potential divider contri- 
butes the ‘constant amplitude’ component of the trans- 
form and should therefore carry a direct voltage. How- 
ever, since this would necessitate the use of d.c. coupling 
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OuTPpuT AMPLIFIER 

The outputs from the forty-one front panel potential 
dividers are combined by connecting each slider, through 
a 300kQ resistor, to a common bus-bar. The departure 
from linearity due to this degree of loading has a maxi- 
mum value of 0-5 per cent of the full voltage across the 
potential divider. 

Fig. 11 shows the output amplifier to which the com- 
bined signal from the mixing bus-bar is taken. It is a 
straightforward two-stage common-emitter amplifier, ex- 
cept that for alternate periods of 1/f, the output tran- 
sistor VT». is cut off and transistor VT; is switched on. 
VT; carries the same d.c. as V72, but no signal, and 
shares the same collector load. 


POWER SUPPLY 
The unit is powered by a conventional stabilized power 
supply giving an output of —9V. 


PERFORMANCE OF THE EXPERIMENTAL MODEL 

The potential dividers on the front panel of the genera- 
tor are formed by strips of Paxolin with a carbon deposit 
on one surface. The carbon strip is about 4in (1-3cm) 
wide and 20in (50cm) long and has a resistivity of 5000 
per square unit. The centre-tap is made by means of a 
metallic deposit between the carbon and the Paxolin. 
This deposit forms a strip {in (0-3cm) wide across the 
full width of the carbon. The sliding contact is made by 
means of a roller. 
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It was initially feared that these potential dividers would 
have short lives, but, as no more suitable material was 
known to the authors, it was decided to make them 
easily replaceable. In fact, although the unit has been 
in service for over one year, no trouble has been caused 
by wear of the carbon tracks which have not, therefore, 
been replaced. 

It was originally intended to measure the calibration 
error of each potential divider and to scrape away some 
of the carbon deposit, where necessary, to improve the 


33kQ 


BALANCED MODULATOR 


trol is provided to correct this error. In subsequent 
models it is hoped that the fault will be removed by 
improved stabilization of the two transistors V7, and 
VT3. 

It is hoped to improve the usefulness of subsequent 
models by including a calibrated phase-shifter for each 
of the potentiometers on the front panel in order that 
complex functions can be transformed directly. 
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accuracy of the scale over the entire range of dividers. 
This has not been considered necessary on the experi- 
mental model, as the overall accuracy has proved suffi- 
ciently good for the purpose, without this refinement. 


The stability of the circuits appears very satisfactory 
apart from a slight drift in the vertical direction of the 
position of the horizontal reference axis during the first 
few minutes after switching on. This fault would, of 
course, be serious if not noticed, but it is immediately 
obvious if the amplitude control is turned to zero and a 
double trace is observed on the c.r.t. An adjustment con- 
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Arrangement of the output amplifier 
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A 50c/s CANNULATED ELECTROMAGNETIC 
FLOW METER 


By D. G. Wyatt*, M.A., D.Phil. 


The design and construction of a cannulated electromagnetic flowmeter is described. The instrument 
which is intended for the measurement of blood flow, employs a 50c/s sinusoidally varying mag- 
netic field, and can record flow frequencies ranging from zero to 20c/s. The pressure drop is low, and 
the maximum voltage sensitivity is 42uV r.m.s. at full-scale, corresponding to a flow of 200ml/min. 


The apparatus has a high overall stability of both baseline and sensitivity, and is insensitive to ordi- 
nary laboratory interference coupled to the flowmeter head. 


(Voir page 691 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 698) 


E proc principle of operation of a magnetic flowmeter 
depends on the application of a magnetic field at right- 
angles to the direction of flow. It is then possible to detect, 
between electrodes placed in a line at right-angles to both 
the magnetic field and the direction of flow, a potential 
which is proportional to the magnitude of flow. The only 
requirements to be satisfied are that the magnetic field 
be uniform and that the flow profile be axially symmetrical. 
Blood flow can be measured with such an arrangement 
either by connecting a blood vessel to the ends of a flow 
tube fitted with electrodes (a cannulated flowmeter), or by 
placing an intact blood vessel between the poles of a 
magnet with the electrodes on the outside (a cuff flow- 
meter). Instruments of this kind have linear response and 
are able to measure phasic flow as well as to discriminate 
between forward and backward flow. In addition, the in- 
strumental pressure drop is very low and there are no 
moving parts. 

An account of some of the problems which are met 
in the measurement of blood flow by electromagnetic 
induction has been given in a previous paper’. The present 
purpose is to describe the design and construction of a 
practical instrument of the cannulated type, operating 
with a sinusoidally alternating magnetic field at the power 
supply frequency of 50c/s, and which originally was in- 
tended for measurement of blood flow in the umbilical 
vein of the sheep. 


The use of the instrument, in common with other flow- 
meters of this type, necessitates severance of a blood ves- 
sel, a procedure which may be undesirable in some in- 
stances, and quite unacceptable in others, such as clinical 
work. Again, it is not claimed that this type of instrument, 
employing as it does a sinusoidally alternating magnetic 
field, is superior to those which employ either a constant 
magnetic field or one which has a square, triangular, or 
other type of variation with respect to time. There is, 
as yet, insufficient basic evidence on which to assess the 
merits or demerits of these various types. However, the 
present instrument lends itself to a wide range of physio- 
logical investigations. A model similar in its essentials 
to that described here has proved to be accurate, stable, 
and reliable over the period of more than 2 years during 
which it has been used in this laboratory’. 

The cannula diameter is 5mm, and it has two flow 
ranges, 0 to 1 000ml/min and 0 to 200ml/min. Its voltage 
sensitivity is high, being 42uV r.m.s. full-scale on the more 
sensitive range. The noise level (0-1uV r.m.s.) is sufficiently 
low, and the stability sufficiently high, to permit further 
increase of sensitivity by a factor of 2, or possibly 4. Flow 
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waveforms containing frequencies from 0 to 20c/s can be 
recorded without distortion, although due consideration 
must be given to the way in which flow is changed by the 
introduction of the flowmeter and connecting tubes. The 
pressure drop across the head alone with steady flow at 
1 000mlI/min is 2-Scm water. 


The instrument is illustrated in Figs. 1 and 2. 


The Flowmeter Head 
THE MAGNET 


In order to reduce harmonics, and also to obtain low 
iron loss, the magnet core is composed of 13 laminations 


Fig. 1. Flowmeter head 


Fig. 2. Flowmeter amplifier (above) and power unit (below) 
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Fig. 3. (a) Detail of magnet lamination (b) Complete magnet in jig, the 
top of which has been removed 


of 0-01S5in Permalloy B (Fig. 3(a)). They were cemented 
together in a jig (Fig. 3(b)) which controlled the gap 
(0-236in) and magnet thickness (0-201in). 

The magnet coils each consist of 240 turns of copper 
wire (Lewmex F 0-0136in), in 4 layers each of 60 turns. 
They were wound as self-supporting coils which would 
just slip over the magnet leg. 


The measured electrical and magnetic properties of the 
magnet are summarized below: 
2-20 
11-4mH 
0-60A r.m.s. 
2°52V r.m.s. 


Coil resistance 
Inductance 
Current 
Voltage fi fe 
Mean gap flux density 
over 4mm circle 
Gap flux 
Core flux (at base of magnet) .. 
Biron 


The magnetic field variation in the gap was measured 
by means of a search coil of diameter 065mm mounted 
on a three-dimensional stage. The results are illustrated 
in Fig. 4. 


785 gauss peak 

195 lines peak 
1850 lines peak 
9200 gauss peak 


THE CANNULA 

The cannula (Fig. 5) consists of four main parts: the 
central insulating tube of Perspex, the outer thermal 
screen of silver, and the silver connecting tubes, or end- 
pieces. The latter screw into each end of the thermal 
screen, and plastic washers (very thinly coated with sili- 
cone grease) are used to form a water-tight seal with the 
central Perspex tube. Two rectangular holes are cut in 
opposite sides of the thermal screen, coincident with flats 
cut on the outside of the Perspex tube. These ‘flats’, 
and their accompanying shoulders, serve to locate the 
cannula firmly and accurately between the magnet pole- 
pieces. Holes for the electrodes are drilled parallel to the 
‘flats’ and midway between the latter. The central por- 
tion of the inner wall of the thermal screen is bored out 
to a depth of 0-010in, to ensure adequate insulation be- 
tween the electrodes and the screen. 

The electrodes were prepared from gold wires 0-010in 
diameter. One end of each was heated in a Bunsen flame 
until a globule formed, 0-Smm diameter. Each wire was 
then threaded through one of the electrode holes from the 
inside of the central tube, until the globule was drawn 
up against the inner wali. The tube was held with the 
electrode at the bottom, and a lightly heated copper rod 
1/16in diameter with the side of the tip flattened was 
introduced into the cannula and pressed gently against 
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the globule, which was allowed to sink rather more than 
half-way into the Perspex. The globules were finally cut 
flush with the inner wall. Copper connecting wires (Lew- 
mex F, 0-0032in) were soldered with Wood's metal to the 
projecting wire tips. They were drawn around the can- 
nula in the V-groove provided, and tightly and evenly 
twisted at the centre of one of the ‘flats’. They were 
then pushed into a rectangular channel cut in the Per- 
spex, and cemented in place. 

The cannula and magnet assembly was ‘potted’ in 
Araldite, using vacuum impregnation. Thus the resin was 
forced into all the hollows of the head, including the holes 
containing the electrode wires and the spaces between the 
central insulating tube of Perspex and the thermal shield. 
The cannula was cleaned with white spirit, filled with 0-9 
per cent NaCl solution, and left overnight. It was then 
emptied, washed through with distilled water, and 
allowed to dry. The insulation resistances between the 
electrodes, and between the latter and the thermal screen, 
were measured and found to exceed 10". The present 
values, after 2 years of use, exceed 10". 


PLATINIZATION OF THE ELECTRODES 

Perspex end-pieces were fitted, and to each of these was 
attached a few inches of plastic tubing, curved slightly 
upwards so that the platinizing solution would be con- 
tained. A platinum wire anode was fixed at the junction 
of one tube and end-piece and the electrodes joined to- 
gether to form the cathode. A current of 12uA was passed 
for one hour, with gentle mechanical agitation (the ampli- 
tude of movement of the meniscus was Icm, and the 
oscillation period 3sec). The platinum wire anode was 
then disconnected, and a current of 6uA passed between 
the electrodes for 12 hours, reversing every 30sec, without 
agitation. The cannula was then attached to a tap and a 
steady stream of water passed for 3 hours to wash away 
the bulk of the residual platinizing solution. 


Magnetic field variation within the gap: 
(a) Parallel to pole faces 
(b) Normal to pole faces 


Fig. 4. 
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The Valve Amplifier 
The circuit diagram is shown in Fig. 6. 


Tue INPUT TRANSFORMER 


The input transformer steps up the electrode voltage 
in the ratio 1: 3-3. It is astatically wound, and enclosed in 
a Mumetal screen. The primary and secondary resistances 
are 2‘8kQ and 27k() respectively. The primary inductance 
is 700H, the effective parallel capacitance 680pF and the 
resonant frequency of the primary is 230c/s. A 50c/s sig- 
nal applied to both ends of the primary simultaneously 
with respect to the transformer screen and core yields a 
secondary voltage equivalent to an in-phase primary volt- 
age smaller than the applied signal by a factor 1-8 x 10~*. 
The natural frequency of the series combination of trans- 
former primary inductance and electrode capacitance is 
about 1-5c/s for newly platinized electrodes, and about 
5c/s for electrodes which have deteriorated over a very 
long period of use. 


Fig. 5. Flowmeter cannula: (a) assembled (b) in parts 


The input impedance at 50c/s is 230k), and is almost 
purely inductive. The cannula impedance (filled with blood) 
at 50c/s is mainly resistive, with a magnitude of about 
2k{). If this were for any reason to increase to 10k, the 
amplitude of the signal at the transformer primary would 
fall by only 0-1 per cent, together with a phase change of 
2° (see Appendix). 


THE VALVE AMPLIFIERS 


The first two valves form a negative-feedback amplifier 
with a gain of 1 000. This is followed by the range switch 
Sz, and the cathode-follower input to the high-pass filter’. 
This in turn feeds a further negative-feedback amplifier, 
consisting of a double-triode with the feedback introduced 
from a cathode-follower, which also serves to feed the 
low-pass filter. This amplifier section contains the preset 
control RV:, which enables the gain to be varied +10 
per cent from the nominal value. 


THe DETECTOR 


The full wave phase-sensitive detector consists of a 
side-stable Carpenter relay, the side contacts of which 
are fed from a push-pull transformer connected to the 
amplifier output via a cathode-follower. The electro- 
mechanical relay has the merit of simplicity, together with 
a very low forward resistance and an extremely high 
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reverse resistance. On test under operating conditions, 
these relays have been found to have excellent phase 
stability, with variations of less than +50usec at 50c/s 
over a 100 hour period of continuous operation. Under 
the conditions of very light electrical load which are used 
in the present circuits, they are trouble-free and reliable. 
No special adjustment of the contacts is necessary, the 
makers’ settings being entirely satisfactory. 


The full-wave rectified signal is passed via a cathode- 
follower to a low-pass filter. This has a linear phase-shift / 
frequency characteristic, and uniformly transmits frequen- 
cies in the range 0 to 20c/s. It has a frequency of low 
attenuation at the fundamental of the rectified signal 
(100c/s). The potentiometer RV. is used for setting the 
base-line of the output voltage. The detector phasing con- 
trol RV; is pre-set so that with no flow, the meter re- 
mains at zero with the magnet current either on or off, 
thus eliminating the effect of residual quadrature voltage. 
The more sensitive flow range is used for this adjust- 
ment. 


The phase stability of this type of detector for phase 
and quadrature voltages respectively is discussed in 
Appendix 1. 


THE Output STAGES 


The detected and filtered signal is passed to a cathode- 
follower stage, and thence to the output terminal for 
recording purposes, via a selector switch Ss. The latter 
permits either the pulsatile signal, or a smoothed mean 
signal, to be applied to the recording instrument. The mean 
signal is derived from a second cathode-follower, the out- 
put of which is used also to drive a meter which reads 
flow-rate directly. The advantage of this arrangement is 
that the mean flow can be observed on the meter and the 
pulsatile flow applied to a recording instrument simul- 
taneously, as well as allowing the phasic signal to be 
applied to the meter if desired. The variable resistance 
RV; is a pre-set control which allows the base-line volt- 
age at the terminal to remain unchanged when the selec- 
tor switch is moved from ‘ pulse’ to ‘mean’ or vice-versa. 


The meter circuit incorporates a reversing switch S3, 
enabling forward (+) or backward (—) flow to be ob- 
served; the former referring to the direction of an arrow 
engraved on the flowmeter head. 


THE CALIBRATING CIRCUIT 


The switch S; enables a voltage in five equal steps to 
be applied at the amplifier input (via 5:) on either range, 
corresponding to 0, 20, 40, 60, 80, and 100 per cent of 
full-scale. The voltage is derived from the magnet current 
supply, and thus allows the whole instrument to be 
checked, as well as providing a useful signal for recorder 
calibration. The reversing switch S; allows calibration 
corresponding to forward or backward flow. The pre-set 
control RV, is set to give full-scale deflexion on the meter 
with the gain control RV; set so that the same deflexion 
is obtained with full-scale flow of 0-45 per cent NaCl 
solution passed through the head. Thereafter, the cali- 
brating voltage is firmly linked to the head response, in 
spite of any changes in magnet current or amplifier gain 
which may occur. 


THE PowER SUPPLY 


A stabilizing transformer is used not only to ensure a 
steady magnet current (see below) but also to eliminate 
base-line drift due to heater variations in the direct- 
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coupled output cathode-followers. The latter also require 
power supplies of low output impedance to steady cur- 
rents, and for this reason neon stabilizing valves are used. 

The early amplifier stages are fed from separate de- 
coupled supplies to prevent unwanted feedback. 


The Magnet Power Supply 

Unfortunately, the main a.c. power supply voltage is not 
constant, varying at times by 10 per cent or more, so that 
some means of stabilizing the magnet supply is necessary. 
The amplitude-stabilized oscillator or synchronous genera- 
tor could be used, but it was felt that, taking account of 
the instrument as a whole, the saturated core stabilizing 
transformer offered the best solution. This method en- 
tails the necessity of removing the high proportion of 
harmonics present in the output voltage, and this was 
achieved with the circuit shown in Fig. 6 and discussed 
in Appendix 2. The supply current from the transformer 
is low (9:SmA), and the harmonic content of the magnet 
current is reduced to less than 1 per cent. The amplitude 
and phase stability of the magnet current is good. The 
magnet coupling transformer has a ratio of 13:1, pri- 
mary inductance and primary resistance of 30H and 
2400 respectively, and secondary resistance of 1-42. 

The 18-09H inductance consists of an English Electric 
C-core No. Z371038 wound with 8 000 turns of Lewmex 
F, 0-006in bare. The air-gap (0-02lin nominal) was 
adjusted to give the correct inductance. The 16-40H in- 
ductance consists of a Z371039 core, wound with 7 600 
turns of Lewmex F, 0-0084in bare. The air-gap is 0-024in 
nominal. 

The lamp L (Fig. 6) is 6V, 6W, and indicates that magnet 
current is flowing. Although it reduces the circuit 0, and 
increases the supply current to 15mA, the stability of the 
circuit remains satisfactory. 

The chassis socket into which the magnet lead is plug- 
ged is modified to allow a microswitch K to short-circuit 
the socket terminals as the plug is withdrawn. This en- 
sures that if the magnet is disconnected with the magnet 
switch on, the magnet circuit supply fuse does not blow. 


Performance 

The phasic characteristics of the flowmeter are des- 
cribed in the previous paper’. After a period of Smin 
from switching on, neither base-line nor sensitivity drift 
more than 2 per cent of full-scale in a period of 5 hours. 


APPENDIX 
(1) PHASE STABILITY OF THE FULL-WAVE DETECTOR 


(a) Phase stability relative to in-phase voltage 

It will be assumed that the transit time of the relay 
used as full-wave detector is zero. (In fact, it amounts 
to 12°, or 0-7msec under present conditions of operation.) 
Suppose that the detector lags the phase voltage by time 
t (Fig. 7). Then the mean voltage observed is: 

Visima) = (2V 0/2) COS wt 

where V, is the peak value of the applied voltage and w 
its angular frequency. The ratio of the mean voltage 
with phase shift 6 = 180 wt/z degrees to that with no 
phase shift is given in Fig. 8. 
(b) Phase stability relative to quadrature 

Suppose the detector lags the quadrature peak by time f 
(Fig. 7). Then the mean voltage observed, due to quadra- 
ture, is 
=- (2/7) Vi, Sin wt 
where V, is the peak value of the quadrature voltage. 
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The value of V, with phase shift 6 = 180 wt/s degrees 
as a fraction of the mean quadrature voltage (2/7) V4, is 
given in Fig. 8. 

It is found that the phase variation of the relay relative 
to the supply voltage does not exceed 0-9°, while that of 
the magnet current relative to the supply is at most 0-5°. 


Relay contact period 








DEGREES 


Quadrature 


Fig. 7. Phase relationship between phase and quadrature voltages, and 
contact period of relay detector 
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Fig. 8. Variation of phase voltage and 
ase shift 


uadrature voltage amplitude with 


The total phase variation of the flow voltage (or quadra- 
ture) relative to the detector therefore will not exceed 
1-4°, resulting in a sensitivity change of 0-1 per cent at 
most, and a base-line change 0-25 per cent at most on 
the more sensitive range. (V, = 6V). 


(2) MAGNET CURRENT SUPPLY 

The basic circuit is shown in Fig. 9. The magnet coup- 
ling transformer and the magnet itself have been omitted 
from the circuit, since they form part of the inductance 
L and resistance R. The applied voltage V is an alter- 
nating quantity of fundamental angular frequency wo, con- 
taining harmonics of the fundamental. 
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When the following conditions are satisfied 

r<L/CR; F*, R’, <w,*L; wo’ LC = ss 2 —_ w* / wo"! 2 1 
the amplitude of harmonic current i, in L relative to 
the fundamental i, is given by 

li] / |io} _ $.{w/wo)/|2 — w*/ wo"| 

where @,, is the harmonic content of the supply voltage V. 
When the latter is obtained from a saturated core stabiliz- 
ing transformer, the harmonics present are mainly 3" and 
7, amounting to approximately 16 and 5 per cent res- 
pectively. The above result shows that these are reduced 
by factors of 21 and 115 respectively. Thus the current i 
flowing in the inductive arm of the parallel resonant cir- 


Fig. 9%. Basic circuit of magnet 
supply 





cuit is nearly a pure sinusoid, and is used to supply the 
magnet via a suitable transformer. 

In the present instrument, the value of i is 49mA 
r.m.s., and the value of the fundamental component of 
the supply current i’ is 9-SmA r.m.s. The magnet current 
is 595mA r.m.s. 


The amplitude of the magnet current is very stable 
with regard to small changes in the inductances or resist- 
ances in the supply circuit, but varies in direct proportion 
to both the capacitance and the frequency. Therefore it 
is important to use a high quality capacitor in the paral- 
lel resonant circuit. Changes in frequency of the main 
power supply are very small, and rarely exceed 0-25 
per cent. 

Drift in magnet current phase due to small changes in 
the circuit elements is negligible. 
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A Digital Experimental Airborne Navigator 


The task of navigating and guiding a modern aircraft on its 
mission is becoming increasingly more complex, and involving 
a considerable amount of computation which has to take place, 
accurately, at a high data rate. In the past this computation 
has been done by analogue computers, often by electro- 
mechanical methods. The accuracy required in current systems 
is approaching the limit obtainable by such methods, but, 
more important, the design of these complex analogue com- 
puters has to be specific to the task and with such equipment 
even minor modifications can be difficult. 

During the last few years teams at the G.E.C. Applied 
Electronics Laboratories, Stanmore, and at the Royal Aircraft 
Establishment, Ministry of Aviation, have been co-operating 
in an investigation into the use of airborne computers for air- 
craft navigation and guidance. 

The basic design of the system was worked out in conjunc- 
tion with the Royal Aircraft Establishment and the detailed 
design together with the engineering of a computer for air- 
borne trials was carried out at the G.E.C. Applied Electronics 
Laboratories. This work has now resulted in the experimental 
computer DEXAN (Digital Experimental Airborne Navigator). 
The computer, the first of its kind to be constructed in the 
United Kingdom, is a flying test-bed which is able by the use 
of differential programs, to try out various ways of using a 
digital computer as a navigation instrument. 

DEXAN is fully transistorized. It has two main computation 
centres, one, a digital differential analyser performs computa- 
tion in an incremental manner, while the other works out 
whole number calculations and is called the calculator part 
of the system. These two parts of the computer share the 
facilities of a 20000-bit ferrite-core, number store, analogue 
inputs converted into binary form, can enter either part of 
the computer. 

For airborne experiments DEXAN has been installed in a 
Comet IA, flown by the Ministry of Aviation Aeroplane and 
Armament Experimental Establishment at Boscombe Down. In 
addition to the main DEXAN units there is a tape reader, 
used for feeding information and programs to the computer 
and a tape punch, which is used to record the computed data, 
the answers during flight, and the control panel made up for 
this navigational experiment. 

At the top of this panel are the latitude and longitude 
indicators on which the operator will set the co-ordinates of 
the initial position from which DEXAN is to start computing, 
and the ‘ computed position ’ indicators that the digital differen- 
tial analyser (or ‘equation solver’) will then keep up to date. 

On the left of the operator’s panel are air speed, headings, 
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and drift indicators, with Doppler gone. The operator uses the 
manual input wheel and the select switch above it to set the 
initial latitude and longitude and other quantities. An auto- 
observer camera records all these instrument readings. 

In the Comet trials the pilot flies over the ‘start point’ 
and then over a number of specified ‘ fix points’ about 50 miles 
apart. To help him he had a Decca flight log and the Decco- 
meter dials which give more accurate indication of aircraft 
position from the Decca system. These dials are repeated on 
the operator’s control panel. After take-off, the tape reader 
was loaded with a tape carrying the program information for 
the computer, and this is read in. The computer control unit 
displays the incoming information as it enters the calculator 
and is transferred to the main store. Before the ‘start point’ 
is reached, the operator sets up its latitude and longi- 
tude co-ordinates on his control unit. He then presses 
the approximate button and the computer stores this 
information, until, as the aircraft flies over the ‘ start-point’, 
the operator presses the ‘act’ button. The ‘ present position’ 
displays then take up the stored co-ordinates, and the computer 
begins to navigate. From now on the digital differential 
analyser will be computing increments of latitude and longitude 
from the ground speed compass, whatever path the aircraft 
follows. 

During the first leg of flight, the operator sets up and stores 
the co-ordinates of the first ‘fix poimt’. He checks the posi- 
tion shown on the Deccometer dials with the listed co-ordinates 
and, as the fix point is reached, he presses the ‘ ‘fix’ button 
followed by the ‘act’ button. Running on the program fed in 
from the tape DEXAN then notes the difference between its 
estimate of position and the true co-ordinates of the point 
they are passing over, and corrects the ‘present position’ 
displays to the true co-ordinates. The computer also works 
out a correction angle to be added to the compass indication 
on the next leg of the flight, and controls the “= punch as it 
records the flight data for the first leg. The Topographical 
Display Unit, a moving map, is controlled by the computer 
so that the centre of the screen corresponds to the computed 
position of the aircraft. 

After the flight is over, the tapes, the camera films and the 
other flight records are taken back to the laboratory. There 
the paper tape record is fed into a teleprinter which types out 
the flight data, including the errors in latitude and longitude 
which the computer had found at each of the fix points, and 
other information. A careful check can then be made of the 
operation of the computer during the flight and the source of 
any deviations between the track estimated by the computer 
over each leg and the track known to have been made good 
can be traced. 
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The Address System and Increment Store for 
a Digital Differential Analyser 


By P. L. Owen*, B.A., M. F. Partridge*, M.A., and T. R. H. Sizer*, A.M.1E.E. 


The address system and increment store for a digital differential analyser is described in detail. It is 

emphasized that it is this part of the machine which gives what is basically a digital computer an 

analogue appearance. Apart from this, the main points of interest are the use of a parallel patch panel 
in a sequential machine and the incorporation of certain gating elements within the plugs. 


(Voir page 691 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 698) 


HIS article describes the address system and overflow 

increment store of a digital differential analyser’, parts 
of which have been described in detail’®. The address 
system is entirely novel‘, in that a direct physical method 
is used to perform the 
interconnexions between 
integrators which  consti- 
tute the program. 

Reference to the view of 
the address panel in the 
photograph shows _ that, 
apart from the mechanical 
form of the plugs, the func- 
tional arrangement is very 
little different from the well- 
known patch panels of small 
analogue computers. 

To reduce the amount of 
reference otherwise neces- 
sary the general principles 
of the d.d.a. are given in 
sufficient detail to make the 
article self-contained. For 
a more detailed study the 
reader is recommended to 
refer to earlier articles on 
the same subject’. 


Principles of Operation of the d.d.a. 
THE D.D.A. INTEGRATOR 


As in any other mathematical computer, the d.d.a. 
operates by generating numbers which are arithmetic or 
logical functions of other numbers. The distinction between 
the d.d.a. and a general purpose computer is that in the 
former the function is fixed and only the addresses and 
destinations of certain of the numbers are under the con- 
trol of the programmer. 


The numbers involved fall into two categories : 


(1) Binary numbers Y and R, Y* and R* of n digits, 
where, in the machine described n<15 and is 
defined by a ‘start’ digit. 


(2) Ternary numbers AX, AY and AZ which take the 
values +1, 0, —1 and which represent increments of 
variables. 


At each step of the calculation Y*, R* and AZ are 
calculated as functions of Y, R, AX and AY. This pro- 
cess is equivalent to an integration, with Y representing 
the integrand, X the independent variable and AZ the 
increment to the integral; for this reason, the basic 
element of the d.d.a. is known as an integrator. 


* Royal Aircraft Establishment. 
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The equations implemented are: 


R* +2AZ=R+ Y* . AX 

At each step Y is brought 
up to date by the addition of 
a set of increments com- 
bined into SAY and this 
new Y, multiplied by AX, 
the change in the indepen- 
dent variable, is added into 
the number representing the 
integral. AZ is just the over- 
flow from the R register. Y* 
and R* are then used as the 
Y and R for the next step. 

If X, Y, Z, AX, AY and 
AZ are the representations 
within the machine of true 
variables x, y and z and 
their differentials are dx, 
dy and dz then equations 
(1) and (2) are equivalent 
to: 


To wee 


6 ge PRA, A 


The address panel 


dz = ydx/2" 


THE SEQUENTIAL D.D.A. 

The above is a description of a single integrator. A 
d.d.a. consists of a collection of such integrators, arranged 
so that the incremental output AZ of one may be used as 
an input AX or AY of another. Fig. 1 is a block diagram 
of corsair, which is a sequential type of d.d.a., showing 
that the Y, R and AZ numbers are held in stores and pro- 
cessed in a common arithmetic unit. The numbers corre- 
sponding to the several integrators are distinguished by a 
subscript j, where j = 1, 2,....50. An iteration step con- 
sists of a single processing, according to equations (1) and 
(2), of every integrator, in the sequence 1, 2,....50. This 
step or machine cycle occupies a period of 2msec in 
CORSAIR, and is divided into fifty integrator periods labelled 
h, Se 

Fig. 2 shows the timing of the various operations, with 
respect to the integrator periods, for a particuiar integrator 
j. The logical elements involved are depicted in Fig. 3. 
A typical machine cycle is as follows: 


(1) During /;-:, the appropriate AX and AY numbers 
are accumulated from the increment store. The X; 
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Fig. 1. Functional block diagram 


input is restricted to be +1, 0, or —1, and is held 
in a transient store. 

There may be up to seven AY inputs, which are 
accumulated in a forward-backward counter. The 
result is a binary number, SAY; lying between +7 
and —7. 


(2) During /;, Y; and R; are transmitted from the store 
and SAY from a shift register through the arithmetic 
unit in serial form. 

Y;* and R;*, generated in serial form, are returned 
to the store, and AZ the overflow digit from the R 
register is picked out in the AZ discriminator; a 
discriminator is necessary to decide whether the R 
register has overflowed positively or negatively, and 
to detect a programmed sign change. 


(3) During J\4:, the AZ; output is transmitted to loca- 
tion j in the increment store. 


PROGRAMMING THE D.D.A. 


As far as the programmer is concerned, the integrators 
may be treated as separate entities performing the opera- 
tions described by equations (3), (4) and (5). Thus, each 
integrator may be regarded as a black box, containing an 
integrand y, kept up to date by increments supplied through 
the AY inputs and integrated with respect to x, a variable 
whose increments are transmitted by the AX input. The 
output AZ is a source of increments of z, the integral of 
y with respect to x. 


Fig. 4(a) depicts an isolated integrator while Fig. 4(b) 
shows two connected together to generate the square of an 
input variable. The similarity between the integrator and 
the operational amplifier 
of an analogue computer is 
obvious. The patch panel is 
the means of interconnexion 
between integrators and is 
divided into two parts labelled 
INPUT and ouTPUT. Each in- 
put and output point of every 
integrator is represented by a 
socket in the patch panel, 
and interconnexions are per- 
formed directly by plugged 
leads. This is indicated for a 
typical schematic in Fig. 4(c). 
The above treatment will be 
elaborated later. 


TRANSIENT 
STORE 


BACKWARD/ 
FORWARD 
COUNTER 


Transfer 


OCTOBER 196! 


where all computations 
are inhibited, and the Y,R 
numbers circulate un- 
changed, the initial values 
of the variables and the constants are written into 
the stores. 
(5) The computation proceeds when the machine is set 
to the RUN mode. 
For example, consider the solution of the equation : 
u=x 
where x is a variable available in incremental form. 
The original equation is converted to a more suitable 
form by differentiation : 
du = 2 xdx 
This form will be recognized in equation (5) as the output 
of an integrator with x in its Y register, ic. with AY input 
accepting dx, and with AX input also dx. 
The output of this integrator ((1), Fig. 4(b)) is connected 
to the AY input of the second: 
AY: = AZ 
If the number in the Y register of (2) is yz 


Fig. 2. Logical timing 
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Fig. 3. Arrangement of the arithmetic unit 
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dy: = dz = xdx/2" 
y= f f xdx 
= #/PH + C 
The arbitrary constant C is made zero by setting appro- 
priate initial values into the Y registers of (1) and (2), 
then: 
u = 2+y, 
The maximum value of x is the capacity of Y:, 
i.e. Xmex = 2° 
Yrmax) = X(max)*/2°*? = 2°-! 
so that the Y register of (2) needs only one-half the capa- 
city of Y;. Change of scale is accomplished by using 
integrators as scalers with constants in their Y registers. 

Thus if y = A, capacity = 2", AX input is dx then 
dz = A dx/2", that is the dz output rate is A/2" times the 
dx input rate. 

Naturally, most programs are more complicated than the 
above example, but they. can usually be broken down into 
basic groups of integrators generating powers, exponentials, 
trignometric functions and so on, comparable to subrou- 


tines in general purpose computers or function generators 
in analogue machines. 


has computational disadvantages, associated with the oscil- 
lating representation of zero rate. 

For this reason, the ternary transfer system is used in 
corSAIR, To convey the three-valued increments, two 
channels labelled + and — are now necessary: a pulse on 
either represents an increment of the corresponding sign, 
no pulse on either represents 0 and the state with a pulse 
on both is not allowed. Occasionally it is convenient to 
introduce a third channel labelled 0, whereon a pulse 
represents a zero increment; again only one of the three 
channels +, 0 and — may carry a pulse at one time. The 
term ‘ pulse’ is used for the natural unit involved in the 
transfer between integrators. Each interconnexion line on 
a flow diagram such as Fig. 4 represents a pair of channels 
conveying + and — pulses. If the signal on such an inter- 
connexion is labelled say: 


dz = xdx/2" as in Fig. 4(b), 


then the number cf pulses transmitted as x changes from 
x, to x. is: 


(i j2yf xdx 
xi 


Clearly, the accuracy of the representation of z is always 
limited to + one pulse. 


Output panel Input panel 
(15) r¥; — 
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Fig. 4. (a) Single integrator 
(b) Outline for solving u = x? 
(ce) A typical arrangement 


TERNARY TRANSFER 


The concept of the increment is probably the most diffi- 
cult aspect of the d.d.a. to understand. Since the machine 
is digital, it is quite incapable of performing continuous 
operations; these must always be simulated by discon- 
tinuous or stepped processes. Continuous input variables 
must be approximated by digital numbers and the output 
represents the desired function of the input at discrete 
points in time. The time required for each step of a 
calculation is a constant and all computations are therefore 
related to a time scale. 


All variables in the machine are determined by an initial 
value set in at the beginning of the computation plus the 
sum of all the increments to this quantity up to the present 
point in time. A variable which is increasing steadily would 
have a steady stream of increments, subject to the limita- 
tion that in each step the increment is either +1, 0 or —1. 
The maximum positive rate is obviously represented by a 
+1 increment in every step; half maximum by alternative 
+1 and O increments; quarter rate by the sequence 
10001000 etc. Similarly, half maximum negative rate 
would be a sequence 0, —1, 0, —1. 

By. redefining the significance of 0 and 1 increments, it 
is possible to represent positive and negative rates 
with just these two symbols thus: 1 1 1 1 1 is full positive, 
0000 full negative and 010101 is zero rate. While 
convenient in economy of transfer channels, this method 
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In the same example the output rate dz/dt = 1/2" 
x(dx/dt), i.e., the number of pulses/unit time at the AZ 
output is x/2® times the number/ unit time at the AX input, 
subject again to the inaccuracy of + one pulse in any series. 


The Integrator Address System 
TIME SHARING 

Figs. 1 and 3 show that the AX, AY and AZ connexions 
to the arithmetic unit are shared between all integrators, 
while Fig. 2 gives the sequence in which they are used. 
Thus, at these points the only way in which the quantities 
associated with particular integrators may be distinguished 
is by the time at which they appear. 

To do this, each iteration step, or machine cycle, is 
divided into integrator periods h, J; .... Iw; these are 
identified by a set of pulses Ai, A. .... As available at 
the fifty outputs of a pulse generator’. There is a further 
subdivision, as far as the address system is concerned, of 
each A pulse into eight D pulses. (These pulse sequences 
are indicated in Fig. 5; displacement between the A pulses 
and / periods is irrelevant at this stage.) 

The input to each integrator consists of one AX pulse 
and up to seven AY pulses. These have all to be trans- 
mitted, within the address system, by a single pair of plus 
or minus channels during the integrator period preceding 
that in which they are used. This is achieved by generat- 
ing the increment pulses in sequence, the first being the 
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available to define each of 
the eight inputs to every 
integrator. 

The AZ output of the arithmetic unit is likewise common 
to all integrators; the AZ output of a particular integrator 
is again defined by its coincidence with an A pulse. A; 
for integrator j in this case.; The AZ store (Fig. 1) con- 
sists of fifty tristable elements into which the succession 
of AZ signals are gated by A pulses, so that AZ; is held 
always by location j of the store and refreshed at each A; 
by the latest computed value of AZ. 


AZ INTERROGATION 

In the typical set of integrator connexions in schematic 
form in Fig. 4(c) it will be seen that the AX input of inte- 
grator 20 is connected to the output of integrator 15. 
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Fig. 6. The complete 4Z store 


or AX = AZi; 
Similarly, the first AY input is from AZ, 
or AYi» = AZ; 
AYin = AZw 
and AYs% = At 


All these inputs are accumulated during Aj-2, i.e. Ais; 
on Ais. Di, the tristable store holding AZ: must be inter- 
rogated, and its contents +1, 0 or —1 sent to the AX 
input of the arithmetic unit. 

Similarly, on Ai .D2, AZ; is interrogated and sent to 
the AY common input, followed by AZw on Aw. Ds. 
Connexion of AY3, to the Ar source means that a 6 + 1’ 
pulse is transmitted to the AY input on every interroga- 
tion by Ais. Dy. 

The interrogation is performed by a set of duplicated 
AND gates wherein the A .D signals are gated with the + 
and — outputs of the AZ store tristables. 

At this stage, the AX and AY signals share the same 
pair of channels; all the + input signals are combined in 
a fifty one input gate and similarly all the — signals. (The 
extra signals corresponding to input of + Ar and — As, ie. 
the permanent AZ = +1 and AZ = —1 sources which 
are available to all integrators). 

The pairs of AX and AY signals are finally separated 
by gating with D, and its inverse D,, the outputs of the 
multiway or gates. A complete block diagram is given in 
Fig. 6. 


THE PATCH PANELS 

As mentioned earlier, the interconnexions between inte- 
grators are performed by connecting the sockets of a pair 
of patch panels to each other. The eight AZ outputs of 
each integrator are represented by blocks of eight sockets in 
the ouTPuUT panel. On the INPUT panel each integrator has a 
block of twelve sockets. For convenience in the design of 
the panels, connexions are made in pairs, the mnpuT plug 
having three pins, and being attached to two single pin 
OUTPUT plugs (Fig. 7). Each input plug contains a pair of 
AND gates wherein are generated two of the A.D pulses. 
The sockets marked A, A’ etc. in Fig. 7 are sources of the 
A pulse defining the integrator input, while D:, D2, etc., 
are connected to the D pulse generators. An INPUT plug 
in the top row of sockets provides outputs of A.D; and 
A .D,, which define the AX and a AY input of the inte- 
grator. (The irregular numbering of the D sockets is 
required for another function of the address panels). To 
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distinguish the AX and AY inputs, one flat face of each 
INPUT plug is coloured; this must face downwards and the 
4X input is then indicated by the red/white connecting 
wire. In any lower row, two AY inputs are available. 

Every OUTPUT socket is connected to an interrogation 
gate input, its other input being from the AZ tristable 
corresponding to the socket (Fig. 6). It will be realized that 
the flow of signals is from the mnPuUT to the ouTPUT socket. 
This is of no concern to the programmer, who can legiti- 
mately regard the flow as of AZ pulses from the ourPuT 
to the INPUT sockets. 

A further row of thirty sockets provide (twenty) + Ar 
and (ten) — Ar sources. An output plug in one of these 
provides the equivalent of full positive or negative machine 
rate to the integrator input to which it is attached. 


Construction of the Unit 


The complete AZ store, input and output convertors, 
interrogation and address pulse gates occupy the lowest 


+ 
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The patch panel system has certain advantages from the 
operators point of view in that: 

(1) It is very similar to the programming of the familiar 

analogue computer. 

(2) The program is easily checked by visual observation. 

(3) No coding of addresses is necessary. 

The disadvantages of the system are that programs may 
not be stored away: from the machine and that the amount 
of equipment necessary increases with the complexity of 
the program. 

The use of gating plugs saves much space and many 
components within the computer. Since no problem 
requires the use of all inputs and outputs, gating elements 
permanently connected to these would be fractionally 
utilized. By bringing these elements outside the address 
unit and into the plugs their numbers are reduced. In 
addition, the number of internal interconnexions to the 
patch panels is reduced from the 50 x 8 combinations of 

A.D pulses to 50 A pulses 
plus 8 D pulses. 


Input sockets 
A\d, APPENDIX 


‘ The functions of the address 
Tul; system and AZ store are as 
follows : 

(1) To accept the information 
from the AZ output of 
the arithmetic unit, which 
is the sequence of over- 
flows from the R registers 
of integrators 1,2,....50 
by AZi, AZ2,.... AZ, 
and to write these signals 
into the correspondingly 
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Fig. 7. Patch panel and plug details 


tray of the computer. Attached to this is the front panel 
carrying the interconnexion sockets (Fig. 14). All com- 
ponents are mounted on printed circuit boards, which plug 
into 22-way sockets. Connexion of the tray to the rest of 
the computer is by a pair of 32-way sockets. The gating 
plugs used on the patch panels are moulded in polythene, 
and contain diodes and resistors (Fig. 7). 


Conclusions 

The equipment here described has been working satisfac- 
torily in conjunction with the rest of the computer for 
over one thousand hours. The main source of failures has 
been due to drift and high leakage current in the transistors 
used in the tristable elements. However, both of these 
troubles were anticipated because the transistors used were 
“entertainment class” and were chosen because they were 
freely available in large quantities. As alternatives have 
become available restrospective modification has taken 
place. 

There has been no trouble whatsoever due to pick-up 
between the unscreened interconnexion leads and the com- 
ponents used in the moulded plugs appear to have survived 
the process without damage. 

The main points of interest in the address system are the 
use of a patch panel method of programming for a sequen- 
tial machine and the incorporation of gating elements with- 
in the plugs. 
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The sequence of AZ sig- 
nals is repeated in every 
machine cycle, and the 
previous stored values of 

AZ are replaced by new values immediately these 
become available. 


(2) To enable the AZ stored in any. location (gq, say) to 
be transferred to the AX or AY input of the arith- 
metic unit during the increment accumulation time 
of any integrator (j, say), where g and j are the 
numbers of Output and Input sockets respectively, 
connected by external plug leads. 


The AZ storage element will be described here and the 
interrogation system in Appendix (2). 


(1) THe AZ STore 


Each location of the AZ store has to be capable of hold- 
ing ternary information and being interrogated non- 
destructively, while fresh information is to be written once 
per machine cycle. Pairs of bistable elements would suffice 
for this purpose, but considerable economy is achieved by 
using naturally tristable elements. These consist of three 
invertors coupled by diode or gates. 

Each invertor (Fig. 8) has two inputs J and B which are 
logically equivalent, and an output C. Input J is com- 
patible with the output C in signal level, while B works at 
lower voltage levels. 

The diode gates are conected between the three invertors 
1, 2 and 3 of the tristable (Fig. 9(b)) so that logically: 


Ji = C2 + Cs 
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Fig. 8. Logical clements 


Jz = C3 + Ci 
Js = Ci + C2 
or Jn = Cnsi + Co-1 numbering cyclically. 
Remembering that for the invertor 
C. = Ja 
when there are no direct connexions to the C outputs, 
these equations reduce to: 
r of = Cat ‘+ Ca-1. 
Adding (or) C, to each side of the equation gives: 
Ca + Co = 1 = Ca + Con + Ca-r 
Therefore at least one of the C must be 1. 
Multiplying (AND) each side by Cy gives: 
ai ~Co = 0 = Ca. Casi + Ca. Cr-i 
*. No two adjacent C may both be 1. 


The stable states of the system have one output 1 and 
both others 0. 

Ci, C2, C3 can therefore justifiably be used to represent 
AZ+, AZ— and AZ(0), according to the table. 

Af G &: G&G 

+1 1 0 0 
-1 0 1 0 

0 0 0 1 

The value of AZ is set into the store by applying the 
inverted binary signals 
AZ+, AZ-, AZ(0) to 
the bases Bi, B:, B; of the 
invertors. 

Thus 
tion q: 
B; = AZ,+ 


in storage loca- 


= Aa. AZ + 
AZ-— 


tion the AZ signals are inverted and extended by the AZ 
convertor (Fig. 9(a)). 
This is similar to the AZ store, but uses diode AND gates 
to obtain the logic 
Js = Cai . Cn-1 
As usual 
Ci. = Ja 
and manipulation of the equations shows that the stable 
states are as given in the table, and may. be used to repre- 
sent the inverses of AZ 
AZ G1 =AZ+ C:=AZ-— CG; = AZ(0) 
+1 0 1 1 
—1 1 0 | 
0 | 1 0 
These outputs, which are conveyed by bus-bars to the 
threshold input gates of all the tristables, are buffered by 
emitter-followers. The input signals AZ+ and AZ— from 
the arithmetic unit are applied to the B, and B, inputs of 
the convertor. As no signal corresponding to AZ(0) is 
generated, the convertor is cleared to the 0 state by a 
P pulse applied at Bs just before the true AZ outputs. 
The computer has two modes of operation, IDLE and 
RUN, selected by the operator. In the imLeE mode of the 
computer, all AZ outputs are inhibited, which would cause 
the AZ stores to be cleared to the 0 state in one machine 


Fig. 9. (a) SZ convertor 
(b) SZ storage element No. ‘gq’ 





B, = AZ,— = Aa . 
B; 
i.e., the AZ outputs from 


AZ,(0) = A, . AZO 











the arithmetic units are 
inverted and gated into the 




















tristables by the appro- 
priate A pulses. As the 
AZ output is only avail- 
able for one digit period 
in each word, and the 
threshold input gates (Fig. 
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cycle, Now it is desirable to retain the previous values of 
4Z through the we condition until RUN is selected again 
and to achieve this the outputs of the AZ convertor are 
inhibited also. A ‘0’ signal applied to the inhibitor (Figs. 
8 and 9(a) during the IDLE condition brings all three signals 
AZ+, AZ—, AZ(0) to the 0 state, so that no new informa- 
tion is introduced via the threshold gates. The tristables 
therefore continue to store the last value of AZ before IDLE 
was selected, until a new set of AZ signals appear on RUN. 
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Fig. 11. 4Z interrogation ‘ and-or’ gates (matrix 6) 


(2) AZ INTERROGATION 


In Appendix (1) it was shown that the AZ outputs of 
the 50 integrators could be separated by gating with A 
pulses and routed to their proper locations in the AZ 
store. In a similar way, the AZ and AY inputs to the fifty 
integrators are defined by: their timing, and the same set 
of A pulses is used in their selection. 

The A pulses are generated in the address unit by com- 
bination of pairs of E and F pulses. These are the outputs 
of the basic pulse generator of the machine, and word- 
defining signals are conveyed about the machine in this 
form for convenience. There are ten E and five F channels, 
bearing signals as depicted in Fig. 5 with mark-to-space 
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ratios 1:9 and 10:40 respectively, in units of one A pulse 
mark. The combination of E and F pulses takes place in 
sets of diode aND gates (Fig. 10). Labelling the pulses 
AiG = 50); Em (m = 1,2, .... 10); Fa(n = 1,2, 
er’ 

A; = En . Fa 
where j = m + 10(n — 1). 

In each accumulation period (defined for integrator j by 
the pulse A;-») eight separate signals must be gated out of 
the AZ store. Therefore, each A pulse is further divided in 
time by eight D pulses, repeating fifty times during each 
machine cycle. 

The combination of A and D pulses occurs in the INPUT 
program plugs. Examination of Fig. 7 will reveal that each 
gate consists of one diode and one resistor, instead of the 
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Fig. 13. SX/4Y separator 


two diodes, resistor and negative bias supply of a conven- 
tional two input AND gate (Fig. 8). The D pulse is applied 
to the resistor and the A pulse to the diode; this arrange- 
ment is equivalent to the normal gate provided the pulse 
sources have the requisite characteristics, These are that 
the A pulse should present low impedance to earth in the 
‘0’ state, and the D pulse low impedance to the negative 
supply in the ‘ 1” state. 

The signal on each of the wires emerging from the input 
plug is thus of the form: 


Aj-2 ° dD; 


representing One of the eight inputs to integrator j. Assume 
that this input, together with certain others, is to be derived 
from the AZ output of integrator g. 


Plugs corresponding to all these inputs are placed in 
OUTPUT socket g, where they. are combined in the or gate 
consisting of the diodes in the ourpuT plugs, to give the 
signal 


q@ = Aj-2. Di + Aj'-2. Di + Aj”-2. Di 
= {Xy (Aj-2. Di)}q 
which represents a set of program connexions 
AX; ~ AZ, 
AY; = AZ, 
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AY;” = AZ, 
etc. 

This signal, S,, is then gated separately with the + and -- 
outputs of AZ tristable q, giving: 

Sat = Sy. AZq+ 

S« —- = S, . AZ, we 
The interrogation gates (Fig. 11) are again of the resistor 
diode type. 


The signals from all the interrogation gates are now com- 
bined in two fifty-way or gates. This takes place in two 
Stages, first into groups of five, then of these ten groups to 
reduce the effects of diode capacitance. The final outputs 
are: 

S+ = >Sa+ 
S- => =S.— 


At this stage the signals have degenerated considerably; 
the signals §,+, S:— from the machine rate + and — 
sockets are added to them and they are then buffered, 
shifted positively, reshaped and timed in the circuits of 
Fig. 12. The output of this stage is at the low voltage 
levels used in the direct coupled logic system’, a voltage 


A Parametric Amplifier 


An experimental solid state diode parametric amplifier and 
mixer has been under development at Marconi’s Wireless Tele- 
graph Co. Ltd, Chelmsford, as a result of a series of investiga- 
tions being carried out to explore possible alternatives in micro- 
wave low-noise amplifiers. 

The importance of this combined amplifier and mixer lies in 
its excellent low-noise characteristics and also because one 
such unit can replace at least three valved stages in a conven- 
tional receiver. Experiments with such a device incorporated 
in a Marconi type SR 100 radar transmitter-receiver (aerial 
temperature 120°K) have shown it to enhance the overall noise 
factor from approximately 7dB to 2-5dB—equivalent to an 
increase in transmitter power from 500kW to 1-75MW. 

The solid-state parametric amplifier and mixer utilizes the 
variable-capacitance effect in semiconductor diodes to provide 
low-noise amplification, but here again variants are pos- 
sible, notably the negative-resistance amplifier and the “up- 
conversion” amplifier, each of which in turn lends itself to 
different approaches. The Marconi version under consideration 
comes into the latter category as offering certain advantages 
over its contemporaries. 

In this system, the pump frequency is much higher (by about 
15 times) than that of the signal. The latter, in the pumping 
process, is ‘ up-converted’ to a frequency which is the sum of 
the two; this arrangement has certain advantages over the 
negative-resistance type of amplifier in that, when used in con- 
junction with a mixer of the type incorporated, the stability 
of the klystron pump is not nearly such an important issue, 
as any variations in pump frequency are cancelled at the mixer 
stage—in other words, even should the klystron frequency 
wander somewhat, the mixer output still remains constant ut 
44-25Mc/s. 

In the Marconi amplifier, the pump source is an English 
Electric Valve Co. klystron oscillating at 9 200Mc/s. The out- 
put from this is fed along two separate sections of waveguide 
via a 3dB directional coupler to provide equal power in both 
arms; each section embodies a variable attenuator and a three- 
screw tuner and, towards the far end, a variable capacitance 
diode. 

Each diode is so mounted as to protrude through to another 
waveguide section, mounted flat-on underneath the first so that 
there are, in fact, in the entire assembly four waveguide sec- 
tions, two lying parallel to each other at the top of the struc- 
ture, and two similar ones underneath. 

Into one diode is fed the 600Mc/s signal via a low-pass 
filter to isolate the external 600Mc/s signal source from the 
pump frequency; the second diode is also connected through 
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attenuation of about 20:1 through five levels of anp and 
OR gates, with a corresponding delay of about 2usec. 

The signals $+ and S— consist of a mixture of AX 
and AY inputs to all the integrators. They are separated 
by a pair of direct coupled logic circuits (Fig. 13), in which 
they are gated with the signals D, and D;. (These have, 
of course, been reduced to the appropriate 4V levels). 


The final outputs of the form 
AX+ =S+.D 
AX~- = S- . D, 
AY+ =S+.Di 
AY- =S-.D, 
go directly to the AX, AY inputs of the arithmetic unit. 
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Electronic 


a low-pass filter to an external crystal controlled local oscillator 
operating at a frequency of 555-75Mc/s. ; 

Considering first the signal section: Interaction between the 
9 200Mc/s pump frequency and the 600Mc/s signal takes place 
with a consequent transference of power from pump to signal. 
Along the lower waveguide section is now flowing a wide-band 
signal consisting of the pump frequency 9 200Mc/s and upper 
and lower sidebands extending to 9 800Mc/s (pump + signal) 
and 8600Mc/s (pump — signal) respectively. After passing 
through a varactor the signal is fed through a band-pass filter 
centred on the sum frequency (9 800Mc/s) and with a pass-band 
of +50Mc/s. This accepts this band of frequencies and passes 
them to the mixer section; it also ‘traps’ the lower sideband 
which is utilized for providing a degree of regeneration. 

The local oscillator section is similar except for the different 
frequencies involved; in this instance the local oscillator fre- 
quency is 555-75Mc/s and the upper and lower sideband limits 
9 755-75Mc/s and 8 644:25Mc;s. In this case also a bandpass 
filter in the waveguide accepts the 9 755-75Mc/s signal. 

Each of the 9 800Mc/s and the 9755°‘75Mc/s signals passes 
through an arm of a 3dB coupler to a balanced mixer stage 
consisting of two crystal diodes, and the resultant beat or 
difference signal is extracted as a 4425Mc/s intermediate 
frequency. 


The complete parametric amplifier assembly 
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TRANSISTORIZED FREQUENCY DIVIDER USING A SWITCHED 
PARALLEL-T OSCILLATOR 


By F. Butler, O.B.E., B.Sc., M.LE.E., M.Brit.I.R.E. 


The article describes a transistorized version of a frequency divider recently developed in 


the 


U.S.S.R. The original circuit used thermionic valves in a synchronously switched parallel-T oscil- 

lator circuit designed to work at very low frequencies. The new circuit incorporates a single-transistor 

RC oscillator which can be designed to operate at any audio frequency although it has special 
advantages at the low frequency end of the spectrum. 


(Voir page 69! pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 698) 


N a recent issue’ of the Soviet technical journal Elektros- 
vaz a description was given of a frequency divider circuit 
which was claimed to be particularly suitable for use at 
low frequencies. The system embodied two thermionic 
valves in a parallel-T RC oscillator circuit associated with 
an electronic switch arranged so as to short-circuit the 


distinctly reproduced and some component values diffi- 
cult to interpret but Fig. 1 is believed to be correct in its 
essentials. The pentode V: is the maintaining amplifier 
of the RC oscillator while V2 provides an amplified output 
signal for driving the switching transistor connected in 
series with the shunt arm of the parallel-T network. Under 
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circuit operation. During 
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Fig. 1. The original circuit 


feedback voltage at a rate 
corresponding to the in- 
put frequency. By adjust- 
ment of the components 
of the parallel-T circuit 
the natural frequency of 
the RC oscillator can be 
set close to some integral 
submultiple of the prim- 
ary drive frequency and 
under these circumstances 
it is shown that locking 
of the two frequencies 
will be achieved because 
the switched low-fre- 
quency waveform has a 
component at the drive 
frequency. The precise 
mode of operation will be more clearly apparent from a 
study of the diagrams. 

The original arrangement described by the Soviet 
authors made use of a transistor for switching purposes 
and this suggested to the present writer that the circuit 
might be adaptable for use with transistors throughout. 
This proved to be the case, although substantial changes 
in the oscillator circuit were required. A survey of recent 
published work on RC oscillators showed that a circuit? 
described by E. T. Emms had the required properties and 
in practice was found to operate satisfactorily at division 
ratios up to a maximum of 10. 


Circuit Due to Andreyev and Soshkinov 
The original circuit diagrams in Elektrosvaz were in- 
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and the RC oscillator 


Fundamentai 
switching 
waveform 
frequency //n 


Switched 
waveform 
(idealized) 


Output 
waveform 


Fig. 2. Waveforms at various points of the circuit of Fig. 1 


functions normally at the selected sub-harmonic fre- 
quency. When the transistor is non-conducting the 
primary drive signal appears across the transistor in series 
with the shunt arm of the parallel-T circuit. Fig. 2 shows 
some of the waveforms under discussion. The output 
waveform of frequency f/n, where n is the division ratio, 
is approximately sinusoidal though it necessarily contains 
a substantial component of frequency f since it is the 
presence of this component which ensures reliable locking 
on to the required sub-multiple frequency. 

Several features of Fig. 1 call for further comment. 
The amplifier V2 serves to isolate the oscillator stage from 
the low input impedance of the switching transistor. As 
shown, the circuit favours division by even numbers. Odd 
ratios call for a change in the mark-to-space ratio of the 
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transistor switch. One possible way of achieving this is to 
introduce an additional phase-shift in the switching circuit 
by connecting extra capacitance in parallel with the anode 
load of V2. Although the amplitude of the switching volt- 
age is not very critical there is an optimum level for any 
selected division ratio. An interstage gain control serves 
to set this level for stable division. As in the case of 
other frequency dividers the locking range in the presence 
of supply voltage and component changes is greatest at 
low division ratios but reliable division by a factor of 10 
is fairly easy to achieve in practice. 


Transistor Circuit 

The circuit of Fig. 3 differs radically from Fig. 1 though 
the basic principle is unchanged. The low frequency 
oscillator employs a single transistor V7, in conjunction 
with an unsymmetrical parallel-T network. With the 
component values shown on the diagram the operating 
frequency is about 100c/s. The second transistor VT: is 
an emitter-follower and corresponds to V2 in Fig 1. The 
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Fig. 3. Tramsistorized version of frequency divider shown in Fig. 1 


switching transistor V7; serves the same purpose in each 
circuit. 

No provision has been made in the transistor circuit 
for adjustment of the level of the input signal (frequency 
f), or of the switching signal (frequency f/n). With the 
indicated component values it has been found possible to 
dispense with such controls but a fine frequency adjust- 
ment of the low frequency oscillator is essential. A 
variable resistance (S00{2 maximum), serves to make this 
adjustment. 


Conclusion 

The transistorized frequency divider was built to test the 
feasibility of the circuit. It works satisfactorily over the 
normal range of room temperature changes and in the face 
of supply voltage changes of +10 per cent. The arrange- 
ment of Fig. 3 is not claimed to be the best possible and it 
is likely that quite minor changes could be made to im- 
prove the performance at high division ratios. 

An advantage of the circuit is that the output is sinu- 
soidal and it is possible to use successive dividers in 
tandem without the necessity for intermediate buffer 
amplifiers. 
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Improved Configuration for Continuous Tape 
Loop* 


Many applications arise for continuous loop magnetic tape 
recorders (e.g. time delay, anticipation, repetition of electrical 
phenomena) in which a signal is recorded by a record head, 
read some distance further round the loop by a replay head 
and then removed by an erase head. In the majority of cases, 
these three heads can be arranged in fairly close physical 
proximity adjacent to the tape drive capstan by suitably adjust- 
ing the length and speed of the loop. 


Applications can arise in which more than one time delay 
is required to be accommodated on a single loop drive 
mechanism, in which case a number of replay heads are pro- 
vided at appropriate distances from the record head, However, 
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. Arrangement of heads resulting in long onsupported runs of tape 


Fig. 2. The improved arrangement of the heads 


should the instantaneous velocity not remain constant at each 
such replay head, a departure from the desired value for time 
delay will be experienced. In a loop recorder of the type shown 
in Fig. 1, long unsupported runs of tape combine with irregular 
friction in the guide pulleys to make the motion progressively 
worse as the distance from the drive capstan increases. 


Fig. 2 shows a method of constraining a finite number of 
locations in the loop to substantially equal motion. The tape, 
T, is engaged at a number of positions with a single capstan, 
C, by pinch rollers, R, heads H being located so that tape is 
drawn directly off them on to the capstan. A compliance arm, 
A, carrying a jockey pulley, J, controls the tape tension in one 
of the lobes. 


It is common experience in recorders using a ‘closed lobe’ 
drive that tension from the reel motors gradually ‘leaks’ 
through the frictional drive areas, keeping the lobe tight. In 
the present case the closing of the loop makes the system 
indeterminate, and the pressure on each pinch roller must be 
graded progressively round the capstan, commencing from the 
lobe containing A. 





* A communication from E.MJ1. Lid 
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A Low Frequency Feedback A.C. Valve Millivoltmeter 


By R. E. Kingt, Ph.D., M.Sc., Grad.L.E.E., and B. V. Jayawant*, Ph.D., B.Eng., A.M.LE.E. 


An r.m.s. reading valve-millivoltmeter having a maximum sensitivity of ImV full-scale deflexion 

and capable of measurements in the sub-audio range is described. The circuit makes use of both 

positive and negative feedback in a Bootstrap circuit to ensure stable, accurate and consistent 
operation. 


(Voir page 691 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 698) 


HERE are no methods for the measurement of flux den- 

sity distributions in electromagnetic circuits comparable 
in simplicity with measuring voltages induced in accurately 
constructed search coils. This method, however, relies 
on the search coil current being sufficiently small to justify 
the assumption that the flux distribution remains unaltered 
in the presence of this current. There is a further con- 


O-ipF imaQ* 


MULTIPLIER 
Fig. 1. 


sideration which limits the permissible current in the 
search coil, viz. that the search coil must always be of the 
smallest possible dimensions and hence has to be wound 
with the finest wire to get as many turns as possible. Both 
these considerations demand, for the measurement of 
induced voltages at power frequencies and below, a volt- 
meter of high impedance and sensitivity of the order of 
ImV full-scale deflexion. 


There is a large number of commercially available 
valve-voltmeters but experience with some of these instru- 
ments has left something to be desired by way of their 
performance. Valve-voltmeters are generally of two main 
types: 

(a) Amplifier-detector, (b) Detector-amplifier, 


the latter method being peak reading and most common 
for audio and high frequency measurements. The choice 
of the first type in the instrument described was mainly 
influenced by the lowest frequency and r.m.s. measure- 
ment requirements. 


t Queen's University, Belfast, now Autonomics Division, National Physical 
Laboratories 


* Electrical Engineering Department, Queen's University, Belfast 
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For the measurement of flux densities in experimental 
machines, the requirements of the voltmeter could not be 
met in the medium priced range of instruments available. 
Further, it is convenient, and indeed necessary at times 
to make flux measurements at frequencies as low as 2c/s 
at which most commercially available instruments are 
inaccurate. 


: FE 


(6uF 250¥ 


* indicates high stability 


332 
1% resistors 


1002 


RANGE 


The valve millivoltmeter 


The instrument described here was specifically designed 
for the frequency range 2 to 1 000c/s (though this may be 
easily extended to cover the audio range), and has a 
maximum sensitivity of ImV f.s.d.; it is used in conjunc- 
tion with an AVO Model 8 instrument, giving a large and 
readable scale with less than 10uV discrimination. Further 
advantages claimed are a reliable consistency between 
scale readings and a minimum of valves. No stabilized 
high tension line was found necessary and as a result of 
the positive and negative feedback employed in the ampli- 
fier design the instrument is relatively insensitive to mains 
and valve parameter variations. 


Fig. 1 shows the circuit diagram of the complete instru- 
ment. The circuit is divided by a dotted line to show the 
two components of the voltmeter described below. 


The Multiplier 


The multiplier, or pre-amplifier, comprises a low noise, 
low microphony, high gain pentode (an EF86 or 6BR7) 
directly coupled to the cathode-follower output stage. The 
amplifier must exhibit a high degree of stability and must 
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be insensitive to valve and component ageing and to 
mains variations. To achieve this it is necessary to have 
a high open loop gain with overall negative feedback for 
gain stabilization. To increase the forward gain of the 
amplifier positive feedback is employed from the cathode- 
follower output to the pentode anode load in an attempt 
to operate the pentode under constant current conditions. 
This arrangement is the familiar Bootstrap feedback 
circuit. 

The output of the cathode-follower V; (Fig. 2) supplies 
a proportion of Ac of the pentode anode voltage V, to 
the centre point of the anode load Rs. Thus the anode 
current through the pentode is modified to 


ia = (i — Act) V..2/Rs 
= (Va + pwV)/Te 


when the stage gain becomes 


_ Act 


1 + (1 — Ae). 2re/Ra 


Gs = Vi/V, = 















































Fig. 2. The Bootstrap amplifier 


Now, since Ac, the gain of the cathode-follower, is 
very nearly unity it is obvious that the stage gain will ap- 
proach the value of » of the valve. For the case of the 
EF86 whose ra=2°5MQ) and anode load Ra=440k0 and 
with a cathode-follower gain of Ac = 0-97 the open 
loop gain becomes G, ~ 0-75 and is greater than 3 000. 

The Bootstrap amplifier thus provides a simple two 
valve high gain amplifier which is eminently suitable for 
repetitive analogue computation. 

The above expression for the stage gain G, is valid 
strictly for frequencies where the reactance of the Boot- 
strap capacitor Cy (see Fig. 2) is negligible, and would 
be exact if a neon voltage stabilizer were substituted. The 
use of a stabilizer would ensure this value of gain down 
to zero frequency. An analysis of the amplifier circuit 
with the Bootstrap capacitance to show the effects of low 
frequency fall-off is given in Appendix 1. 

As a result of Bootstrap feedback the effective anode 
load of the pentode 


R,(eff) = (Va/is) = Ra/2(1 — Act) 


Act 


has been increased by an order of magnitude Xi — Aa) Aa) 


and in so doing the high cut-off frequency will be reduced 
by a corresponding factor. This is shown in Fig. 5. 
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Overall negative feedback is applied to the input grid 
via the feedback resistance R; suitably decoupled by feed- 
back capacitor C;. The amplifier is now a conventional 
seesaw whose closed loop gain is 

RCip 
1+ RiCip 
and whose 3dB break point occurs at an angular fre- 
quency of 1/R:C;. This must be lower than the minimum 
frequency of operation of the instrument; with the values 
given in Fig. 1 this frequency is 1-6c/s. 

The input resistance of the amplifier is approximately 
equal to the feed input resistance. Values of 100k{2 
for the pre-amplifier and IM) for the main 
amplifier were considered sufficiently high. This 
input resistance may be further increased, if desired, by 


I. 


|Z 


r 


(eo/e) = (— Rr/Ri). 





Fig. 3. Main amplifier and detector 


EP 
t Fe 


Fig. 4. Equivalent circuit of Bootstrap amplifier 








suitably rearranging the feedback resistances. The cath- 
ode, screen and h.t. decoupling time-constants must be 
sufficiently large to by-pass the lowest frequency. 


The Main Amplifier and Detector 

The main amplifier is of a similar configuration to that 
of the pre-amplifier, in that Bootstrap feedback is again 
employed to increase the open loop stage gain. The 
rectifier is included in the feedback path ensuring linearity 
by current forcing the meter movement. 

A simplified version of Fig. 2 is shown in Fig. 3. At 
frequencies where the reactance of C is small it is clear 
that the mean eurrent through the rectifier bridge and 
meter movement is simply 


Im = (e:/r) = (—ex/r) 


since the feed input and feedback resistances are equal. 
Range switching can thus be effected by changing the 
value of r and for a full-scale deflexion of ImA the value 
of r (in ohms) is numerically equal to the r.m.s. full-scale 
deflexion in millivolts. 
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In practice, due to finite amplifier gain, the actual value 
of r is somewhat less than the theoretical, and hence 
potentiometers are provided for individual range calibra- 
tion. It is essential in the contruction of the main ampli- 
fier to use a low-pass paper capacitor (C, Fig. 3) so that 
the leakage current and therefore zero offset be a 
minimum. 

In Appendix 2 the minimum frequency of operation is 
shown to be a function of C, r and A (the amplifier open 
loop gain) and to be approximately 


Sue = feat Sp 
n.Arc. 


With the values shown in Fig. 3 for the most sensitive 
25mV range this 3dB low cut-off frequency is approxi- 
mately 0-Sc/s, and is lower for the other three ranges. 


Calibration 


The initial calibration was carried out by starting from 
the highest range (1V), and aligning the instrument with 
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Fig. 5. Gain-frequency characteristic of the Bootstrap amplifier 


that of another substandard instrument (the same AVO 
meter may be used here to set up the standard input 
voltage). From then on the reading of the instrument 
on one range was used as a standard for the next lower 
range. The instrument was finally checked and set 
against known search-coil voltages in accurately pre- 
determined magnetic fields and the accuracy found to be 
within +1 per cent except in the most sensitive range 
where hum gave a residual reading of 15uV. By careful 
screening this figure could be further reduced. 


As current feedback is used in the main amplifier it is 
important that the output meter terminals be short- 
circuited on removing the instrument as damage to the 
bridge rectifier diodes might be caused due to excess back 
voltage. 


Conclusion 


A simple, inexpensive and reliable r.m.s. reading a.c. 
valve-millivoltmeter is described in which the following 
performance requirements are adequately. satisfied : 


(1) Stable calibration. 
(2) Consistency between scale readings. 
(3) Good linearity. 


(4) Accuracy, being limited by that of the meter 
movement. 


The circuit requires only four valves and takes less than 
10mA at 250V. 
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APPENDICES 


(1) BoorstrRaP AMPLIFIER GAIN 


The equivalent circuit of the Bootstrap amplifier of 
Fig. 2 is shown in Fig. 4. Neglecting the stray capaci- 
tance C, across the anode load and the anode slope resist- 
ance rs, the simplified expression for the gain of the stage 
can be derived by application of the Superposition 
theorem. Thus 

— V«(Re/2) Cop_ 
© 14(Rs/2) Cop 


1 
— i, (Re/2) [ 1+ ——RGD 
( 1 + 5 bP 


where Vi = ActVa 

is =2mV, 
and p = jw = d/dt (Laplacian operator). 
Whence, 


(current generator on open-circuit) 


(voltage generator 
on short-circuit). 


- RaCr 
1+Q- Ad) — 


Vi/V; == emnRsAct 
p 


and since Aw } 1 instability due to excessive positive 
feedback cannot occur. 


The open loop gain of the amplifier at zero frequency 
is given simply by 
Vi(O) 
VO) 
and the mid-frequency gain, which is substantially inde- 
pendent of frequency, is 


GO) = on gmRsAct 


A 


The gain-frequency characteristic is shown in Fig. 5, the 
high frequency cut-off being due to the stray capacitance 
across the anode load. 

(2) Detecror Low FREQUENCY CUT-OFF 
Referring to Fig. 3 the grid signal e, is simply 
€g = (e:/2) +(er/2) = — (€0/A) 
where A is the open loop gain of the amplifier and is here 
assumed constant over the frequency band considered. 
Now 
€>o = In(r + Ra + (1/Cp)) 
and é: = lar 


where Ra is the series resistance of the diodes and meter 
movement, Combining the above relationships gives 
soe ee 
1+{Ra + (1 +(A/2))r}Cp 
Thus the cut-off frequency of the amplifier at which the 
gain is 3dB below the mid-frequency value is 

~~ —E 1 —— —— 

~ 2m{Ra + (1 + (A/2))r} 


(Im/ 1) = 


2 1 
wA.r.C 


since A.r > 2Ra. 
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Miniature Transistor Timers 
By P. Mitchell* 


The article details a new transistor timer circuit to 

produce long time delays. The circuit has the advan- 

tage of giving a longer time delay without increase 

in physical size for a given size of capacitor. A 

further advantage is the use of a variable resistor 
to produce variable time control. 


(Voir page 691 pour le résumé en frangais: 
Zusammenfassung in deutscher Sprache auf Seite 698) 


fg most suitable method for providing a time delay 
is still to utilize a capacitor charged through a resistor, 
with a suitable output stage biased to trigger when the 
charge on the capacitor has reached a predetermined level 
(Fig. 1). 

Since conventional CR charging networks operate on 
an exponential time/ potential basis, it is difficult to obtain 
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Fig. 1. Simple method of providing time delay 
extended delays unless either a large capacitor is used or 
the triggering level is chosen close to the applied voltage. 

Two factors common to the majority of transistor cir- 
cuits, low input impedance and low voltage working, 
make it difficult to achieve the required long time delay 
without the use of a large capacitor. If, however, the time/ 
potential graph can be 
made linear and the rate 
of rise slow then much 
longer time delays may be 
obtained without increas- 
ing the size of the charg- 
ing capacitor. 

Consider for example a 
circuit where the applied 
d.c. potential is 10V and 
the capacitor value SOuF. 
For simplicity of explana- 
tion it will be assumed 
that V7, has a turn on 
potential of 632V, this 


Signal >12V at 2mA, 
! 








The design considerations for the circuit are: 

The base current for V7; and the current drawn by R2 
both flow through R;. The current through R: comprises 
the collector cut-off current of V7, the leakage current of 
the capacitor and the current drawn by R;. 
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Fig. 2. Modification to provide constant charging current 


Since these currents are small, the current available from 
the signal source need only slightly exceed the base current 
of V7. The load on the input circuit can be reduced even 
further by the inclusion of an emitter-follower in place of 
the switch S. 

The capacitor will try to charge at a high rate on applica- 
tion of the signal, but the potential drop due to the current 
through R.z, will cause VT, to conduct and reduce the 
potential at R:-R. junction until the voltage drop across 
R; is reduced to the turn-on voltage of VT, (approximately 
0-5V). 

The inclusion of Rs increases the sensitivity and improves 
the linearity of the device. This is with the proviso that 
the current through R; plus the leakage current of the 
capacitor is not sufficient to cause V7, to remain operative 
when the capacitor is fully charged, thereby preventing the 
switch from operating. 

A practical circuit is shown in Fig. 3. By making R2 
variable, the time delay can be adjusted between 0 and 
60sec for the values given. Linearity is achieved by adjust- 
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being the potential rise 
across the capacitor cor- 
responding to the time-constant of the circuit. 

With the exponential CR charging network of Fig. 1, 
the time-constant CR = 50 x 10-* x 10 x 10°, therefore, 
t = 0-5sec. 

The drain of V7; is negligible. 

If the circuit is now modified to give constant charging 
current as in Fig. 2 and J is regulated to 104A, then the 
time for the voltage across the capacitor to rise by 6:32V 
is given by: 

50 x 10-° x 6-32 


t=(CV/D = 7 <a. sRom 31-6sec 





* E.M.1. Electronics Ltd. 
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Fig. 3. A_ practical timing circuit 


ing the value of Rs to compensate for the change in a’ 
of VT, due to the increased emitter/ collector potential. 

By reducing the range of R» so that the time delay varies 
from some intermediate figure to the maximum, an approxi- 
mate straight line, time/rotation graph for R: can be 
achieved. 

S: has been added to reset the circuit to the initial con- 
dition. The reset can be made automatically from the 
signal by replacing S, by a further transistor which is 
biased-off by the operating signal. 

Circuits using this principle have been made to operate 
up to times in excess of Smin and over wide temperature 


ranges. 
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A Public Demonstration of Colour 
Television 


By P. S. Carnt*, B.Sc. (Eng.), A.M.LE.E. 


A brief description is given of a public demonstration 
of colour television recently held in London. The equip- 
ment employed is described and particular reference is 
made to the receivers used for the SECAM system. 


(Voir page 69! pour le résumé en francais: Zusammenfassung 
in deutscher Sprache auf Seite 698) 


Sey colour television which was demonstrated recently 
to the public by the G.E.C. group in London included 
three different types of colour television systems. These 
were ‘straight RGB’ on 625 lines suitable for short dis- 
tance closed loop operation; encoded NTSC on 405 lines 
suitable for closed loop or broadcast operation; and 
encoded SECAM on 625 lines also suitable for closed 
loop or broadcast operation. All receivers used the 
R.C.A. 2lin shadow mask tube. 

The picture sources consisted of three E.M.I. vidicon 
colour cameras, type 204, for the studio productions on 
405 lines NTSC (incidentally, this was the first public 
demonstration of a studio production of live colour tele- 
vision to be given in the United Kingdom) and for the 
“See Yourself’ exhibit on 625 lines RGB and SECAM; 
film from the BBC Lime Grove flying spot scanner on 
405 lines NTSC; and slides from a Cintel flying spot 
scanner on 625 lines which were occasionally shown on 
the ‘See Yourself’ and SECAM receivers. 

An E.M.I. 44in image orthicon camera was also used 
to supply the 625 line monochrome receivers on show 
with either the studio productions or an interval picture. 


CoLour STUDIO 

Two stages or sets were installed in the studio, and 
the types of production covered a very wide range. 

The floor area of the studio used for the live produc- 
tions was 1 000ft? and 300 kW of lighting (by G.E.C. 
Lighting Hire Service) was used, giving an illumination 
of from 700 to 1 000 incident foot candles. Studio venti- 
lation (by Woods of Colchester) presented special prob- 
lems because it was necessary to exclude daylight in 
order to achieve a constant colour temperature. 

The ‘See Yourself’ demonstration presented problems 
in lighting arising from the need to use a dark back- 
ground so that the ‘victim’ could observe his receiver 
clearly, while at the same time a high light level was 
required. This resulted, of course, in a very high con- 
trast ratio. 

RGB Mowntrors 

The two RGB monitors which were shown employ a 
novel circuit arrangement which not only provides stable 
operation, but also allows the use of a saturation control. 
This useful facility is not possible, of course, in conven- 
tional RGB monitors in which three separate stable 
amplifiers feed the display tube. 

In conventional RGB monitors, exact matching of the 
three amplifier gains and output-input characteristics is 
essential in order to provide a good grey scale which is 
of prime importance in any colour television system. 


* The General Electric Company Limited, Wembley, England 
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However, in the G.E.C. RGB monitors this problem is 
overcome by first matrixing the incoming RGB signals 
into a luminance and two suitable colour difference sig- 
nals. These three signals are amplified separately, and 
while the luminance signal is ultimately fed to all three 
cathodes of the display tube, the two difference signals 
are fed to an output matrix which derives red, green 
and blue difference signals for application to the appro- 
priate grids of the display tube. 

Since the colour difference signals vanish for all levels 
of white, differential gain changes in the amplifiers cannot 
effect the grey scale, and saturation control is achieved 
by means of a two-ganged potentiometer at the inputs of 
the two colour difference channels. The output matrix 
arrangement is such that the d.c. output levels all vary 
together for any change in h.t. line voltage, and in fact 
a mains voltage input change of +15 per cent produces a 
negligible effect on grey scale and colour rendering, in 
spite of the fact that no stabilizers are used. 


NTSC RECEIVERS 

The three NTSC receivers on show were operated from 
a fully encoded composite video signal of 405 lines, in 
accordance with the present British standard. These 
receivers use a simplified a.p.c. loop for the carrier re- 
insertion oscillator, and an XZ synchronous detection 
arrangement for decoding the modulated subcarrier. This 
XZ detection process is similar to the colour difference 
output matrix used in the RGB monitors, and it provides 
a very stable grey scale as well as accurate detection of 
the subcarrier. 


SECAM RECEIVERS 

The SECAM receiver which was demonstrated was 
operated from a fully encoded SECAM signal of 625 
lines, which employed frequency modulation of the sub- 
carrier. 

The SECAM signal is similar to the NTSC signal in 
that a luminance and two bandwidth limited colour dif- 
ference signals are used, together with a subcarrier. How- 
ever, while NTSC uses two subcarriers in phase quad- 
rature, SECAM uses only one subcarrier which at any 
instant carries only one of the difference signals. (Many 
advantages are gained by frequency, rather than ampli- 
tude, modulation of the subcarrier.) The SECAM en- 
coder transmits red and blue difference signals alternately 
at line rate—that is, during one line R-Y is transmitted, 
during the next, B-Y, and so on. At the receiver, the 
subcarrier is demodulated by a conventional f.m. dis- 
criminator whose output is either R-Y or B-Y. In 
addition, the subcarrier is delayed by one line period 
(64ysec) before being applied to a second f.m. discrimina- 
tor whose output is therefore B-Y or R-Y. Thus, while 
R-Y, for example, is being transmitted and received by 
a direct path, the B-Y signal from the preceding line is 
available at the receiver from the delayed output. An 
electronic switch at the receiver enables R-Y and B-Y to 
be presented to the display, and of course G-Y can be 
derived from these as in NTSC practice. 

SECAM has many advantages over NTSC, which can 
be indicated only very briefly here. Thus, no re-insertion 
oscillator is required at the receiver, and while a long 
delay is necessary, this is quite easily achieved by means 
of a fused silica block in which the signal is reflected 
from face to face. Receiver circuits are therefore sim- 
plified and better stability can be obtained. 

Additionally, since the SECAM subcarrier signal is not 
affected by phase or amplitude distortions it can be very 
easily handled by link systems, studio switching processes, 
and monochrome video tape recorders. 
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BOOK REVIEWS 


Printed Circuits: Their Design and 
Application 
By J. M. C. Dukes. 228 pp. 91 
Macdonald and Co. 1961. 
LTHOUGH the author has written 
primarily for the circuit design 
engineer, this work also provides an ex- 
cellent insight into printed circuits for 
the reader who simply wishes to keep 
abreast of current developments. 

A short account of the history of 
printed circuits and allied techniques is 
followed by an outline of the various 
methods which have been used to pro- 
duce the circuit pattern, including a brief 
reference to solid circuits. The book is 
then divided into two sections, the first 
dealing with manufacturing methods, the 
second with design and application. 

Section 1, while not claiming to be 
exhaustive, covers a wide range of manu- 
facturing methods, with well-reasoned 
comments on advantages and limitations 
of the various techniques. If it is used in 
conjunction with the excellent biblio- 
graphy the reader has the opportunity of 
pursuing the more important aspects in 
considerable detail. 

Section 2 forms by far the larger sec- 
tion of the book, being devoted to de- 
sign and application. It is probably this 
Section which will have the wider appeal 
and which will gain the book a place on 
the shelves of many design engineers. The 
first chapter of this part, preparation of 
circuit information, outlines, in not too 
much detail, the stages involved. One 
criticism here is that the methods men- 
tioned are somewhat out of date, no 
reference being made to high-stability 
plastic film for circuit masters, nor to the 
well-tried method of using an accurately- 
tuled grid beneath the semi-transparent 
plastic film to ensure accuracy and facili- 
tate laying out. 

The next chapter, on materials, con- 
tains mechanical and electrical informa- 
tion on base materials, the various pro- 
perties being presented in tabular form. 
Included is an abbreviated table of physi- 
cal constants. 

Chapter VIII deals with printed com- 
ponents, including inductors and capaci- 
tors. Valuable data on the design of these 
components is here assembled in a con- 
venient form. The single side interleaved 
capacitor is not dealt with—a surprising 
omission; neither is the method of draw- 
ing a spiral coil using two centres and a 
pair of compasses—probably the most 
satisfactory of all practical methods. Such 
omissions are, however inevitable, and 
are offset by the valuable inclusions. 

The chapter on strip transmission lines 
will form a useful reference, containing, 
as it does, design data for the various 
types of line currently in use. Its con- 
tents would appear to reflect the author's 
particular field of ‘specialization, being of 
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somewhat greater depth than the previous 
chapters. It is followed and elaborated 
by the chapter on printed microwave 
systems, describing such items as stripline 
to coaxial transitions, directional coup- 
lers etc. Two appendices follow; the first 
deals with the various guides and speci- 
fications which have been issued by such 
bodies as the British Standards Institu- 
tion, the Ministry of Aviation etc; the 
second deals with a few early patents, 
included out of interest rather than as 
references to investigate. 

The bibliography is most comprehen- 
sive, containing about 170 references 
arranged under eleven subject headings. 

The inclusion of a list of illustrations 
and tables would have materially in- 
creased the usefulness of the book. 

Few inaccuracies were noted, but men- 
tion should be made of those on page 
18, where silicon is mis-spelt silicone, 
page 129, where radical should read 
radial, page 142, where log, should read 
log. and page 148, where reference is 
made to 10° million revolutions at 3 600 
r.p.m. Since this latter claim, referring to 
rotary switch operations, would take 
approximately 52800 years to prove, it 
is assumed that the author means 10° 
revolutions. Some confusion is apparent 
on pages 130 and 131 regarding the ratio 
c/a or a/e where inconsistencies appear 
in the text and caption. The caption to 
figure 8.10 does not seem to agree with 
the illustration. 

To sum up, a well-written book, likely 
to spend more time on the engineer's 
desk than on the library shelf. 


R. ROWLAND 


rg rrigttem pumgatrsy ss or 
Be bee Clarke. 461 pp. 370 


“Addon W esley Inc. 1961. 
HIS book is oo sat of work by 
two members of the staff of the Poly- 
technic Institute of Brooklyn and is 
largely based on lecture courses given at 
the Institute since 1957. The untimely 
death of Professor Joyce in 1958 must 
have placed a considerable burden on 
his co-author. 

The aim of the book is stated to be 
to present the basic methods of analysis 
involved in the understanding and design 
of junction transistor circuits. Reading 
the book one finds that “analysis” is 
certainly not apt because the treatment 
is often verbose and is more descriptive 
than analytical. It deals with transistors 
and circuits along fairly conventional 
lines and contains little that is new. 

The introductory chapter on transistor 
physics forms an interesting review of 
the subject. The next chapter deals with 
the transistor as a circuit element at low 
frequencies. In this chapter there is over- 
emphasis on the transistor being a current 


671 


amplifier; taken literally, this outlook 
must tewilder those who have heard that 
the common-base arrangement, in which 
the current gain is usually less than unity, 
is nevertheless capable of producing sub- 
stantial amplifications. Biasing of ampli- 
fier stages is next discussed in detail and 
this is followed by a chapter on methods 
of coupling amplifier stages together. 

The chapter on power amplifiers con- 
tains a fairly detailed account of the 
possible configurations and how suitable 
bias can be provided, but its treatment of 
distortion is skimpy. There follows an 
account of stabilized power supplies and 
chapters on narrow-band and wide-band 
h.f. amplifiers. 

Six chapters are devoted to the tran- 
sistor as a switch and its application to 
switching circuits; this includes emitter- 
coupled circuits, blocking oscillators, 
sweep circuits and certain circuits that 
use negative resistance devices such as the 
unijunction transistor and the tunnel 
diode. Finally there is a chapter on sinu- 
soidal oscillators. 

A useful list of references is given at 
the end of each chapter and the authors 
have usually included a sentence on each, 
to say what it is about. Another credit- 
able point is that answers are given to 
the various problems that are offered to 
the reader. 

The text has been provided by authors 
whose main interest is in teaching the 
groundwork of their subject. 

Many engineers will find it a useful 
reference when they are meeting for the 
first time some particular branch of 
transistor circuits, and the book is there- 
fore likely to appear on many library 
shelves. Lecturers at Universities and 
Technical Colleges will find it of interest, 
since it gives an account of one teaching 
course, but they would do well to read 
it with a critical eye and to follow up as 
many references as possible. 


D. D. Jones 


Transistor Circuit Analysis and 
Design 


Oy F. ¢. Sete. 349 pp. 202 figs. Mediam Svo. 
D. Nostrand Co. Ltd. 1960. Price 56s. 


NOT ABLE feature of this book on 

transistor circuit design is the excel- 
lent treatment of general circuit theory. 
Many authors rely on the reader to 
search additional textbooks to refresh his 
memory on specialized calculations and 
definitions, but here one finds all that is 
necessary to maintain continuity in a 
casual reading, and for reference in more 
serious study. 

The introductory chapter straightfor- 
wardly outlines the nature of the june- 
tion transistor as an amplifying element, 
with the aid of characteristic curves and 
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a brief comparison with the thermionic 
valve. The basic equations are introduced 
and the terminology explained, the 
chapter on semiconductor physics fol- 
lowing naturally, before a more detailed 
analysis of operating points, biasing, and 
stability with varying temperature. 

Equivalent circuits and their para- 
meters are well established, with their 
application in a variety of operational 
circuits, leading to several chapters on 
small-signal, power, and high-frequency 
amplifiers and systems, including oscilla- 
tors, mixers, and detectors. In these 
chapters strict attention is paid to the 
requirements of the transistor to ensure 
stability, optimum operating conditions, 
and economy in circuits. In the section 
on power arnplifiers heat sink and cool- 
ing fin calculations are made in terms 
of operating temperatures and thermal 
resistance. 

Matching networks, tuned circuits, 
feedback, noise, modulation, and many 
other topics are discussed, basic formulae 
and methods of calculation thoroughly 
described, and many practical examples 
worked throughout. The book ends with 
a short section introducing pulse and 
switching circuits. 

Each chapter ends with a number cf 
problems, many of which can be used 
directly in practical courses, and an excel- 
lent list of references, mainly to text- 
books of high standing, and to pro- 
fessional journals available in most tech- 
nical libraries. 

The author's teaching and industrial 
experience has led to a well planned book 
which is worthy of study by those already 
working with transistor circuits, as well 
as by the engineer or student wishing a 
sound and interesting introduction to the 
subject. Teachers in this field will find 
much useful material for both lectures 
and practical courses. The book will not 
quickly become dated or be cast aside as 
being ‘elementary’, but will almost 
certainly be retained by the reader for 
continued reference. 


Tan D. Jack 


Theory of Microwave Valves 

By 8. D. Sontre. @ 499 p at Ses. Fae 8vo. 
Pergamon Press 1961. 

HIS book is hanes @ to give the 

theory of those microwave devices 
which have found constant use in prac- 
tice, and whose operation can be under- 
stood on the basis of one type of wave 
or oscillation. There is an admitted ex- 
ception in the 10th chapter which is 
devoted to the multi-cavity magnetron. 
There are twelve chapters, starting with 
the elements of electrodynamics of cavity 
resonators and thence to plane diodes 
(including transit effects on noise and 
space charge effects), triodes, single 
circuit klystron oscillators (monotron and 
reflex klystron), magnetrons and travel- 
ling wave tubes. From this list the kly- 
stron amplifier is omitted. This is strange 
since it would certainly fit into the scheme 
as outlined in the author's preface. 

The handling of the mathematics is 
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lucid, and although many of the steps put 
in may seem in places unnecessary, 
students on the whole should benefit 
from this. The diode and triode treat- 
ments follow the familiar pattern, but are 
restricted to the planar cases, however 
the analysis is full and detailed and, of 
course, much of it is applicable to the 
general theory of detection and ampli- 
fication. 

Again the bunching theory in the chap- 
ters on klystrons is the familiar kinematic 
approach. Since these chapters are limited 
to the reflex klystron with a mention of 
the monotron, both of which are low 
power valves, the author presumably did 
not feel justified in including the effects 
of space charge upon the bunching. 

In the chapter on magnetrons the 
motion of a single electron in crossed 
static electric and magnetic fields is de- 
veloped, but the author is careful to point 
out that the results can be extended to 
electrons in a stream only if the influence 
of space charge is negligible. The theory 
is used, however, to give a qualitative 
picture of the physics of the magnetron. 

The theory of travelling wave tubes is 
developed in Chapter II. The “sheet- 
helix” is analysed, and the field solutions 
matched at the boundaries with those 
of the beam; then by linearizing (i.e. 
assuming small enough variations in 
velocity, space charge density and current) 
and assuming that the effect of space 
charge on the mean values of velocity, 
space charge density and current are 
negligible the circuit propagation con- 
stant is determined. 

The equations resulting from _ this 
analysis will look unfamiliar to those 
readers who think and work in terms of 
the quantities introduced by J. R. Pierce, 
but the author has included an appendix 
with a table comparing the notation 
between, Pierce, Lochakov and himself. 

The final chapter deals with the noise 
performance and sensitivity of travelling 
wave tubes. The scope of the book does 
not allow the author to deal with the 
latest ideas on multi-velocity beams, for 
example, but he covers the ground 
roughly up to 1950, and the experiment 
of C. C. Cutler and C. F. Quate. 

There are 3 appendices: a table and 
graphs of functions used in the theory 
of diodes, table of functions used in the 
theory of travelling wave tubes, and 
notations used in the theory of travelling 
wave tubes, respectively. 

There is an index and a bibliography 
which gives several Russian references. 

In the opinion of the reviewer this is 
a good book well translated, but that it 
is marred slightly for those who like their 
science to be objective by the occasional 
lapse into the special pleading for Soviet 
Science. For example there are several 
“firsts” claimed (the multi-cavity magne- 
tron including strapping, the reflex 
klystron, the ideas of bunching etc.), on 
the other hand no mention is made 
explicitly of work outside the Soviet 
Union apart from a few references in the 
Bibliography. 

R. H. C. NEWTON 


672 


Advances in Electron Tube 
Techniques 
Edited , &-4.- Slater. 235 pp. 315 = Demy 4to. 
Press. 1961. £5. 


HIS volume contains the S ceaiahtes 

of the Fifth National Conference on 
Tube Techniques, held in September 
1960. 

The Conference provided a view of 
recent and current technologies in re- 
search, development, and construction of 
electron tubes, for scientists, engineers 
and technicians. The areas of interest 
were outlined by the organization of 
sessions which included Electron Tube 
Materials and Technology; Electron 
Emission Phenomena and Cathodes; 
Internal Environments of Electron 
Tubes; and Ruggedization, External 
Environments and Life Factors of 
Electron Tubes. Within each of these 
groupings, subjects which were presented 
covered metals and metallurgy, glasses, 
ceramics, emitters, emitter investigations 
using various techniques, gases, gettering, 
vacuum techniques, life and environ- 
mental testing, nuclear radiation effects 
and electron tube evaluation studies. 


The Essentials of Dielectromagnetic 
Engineering 
By H. M. —~ 242 pp. 120 figs. Med. Svo. 

John Wiley & Sons Ltd. 1961. Price 76s. 

HE title of this book is perhaps a 

little misleading by implying that it 
deals exclusively with uses of materials 
in which their dielectric and magnetic 
properties are simultaneously involved. 
In fact only a small part is concerned 
with this aspect, and the book deals 
mainly, as the sub-title states, with some 
of the applications of ferrites and high 
permittivity dielectrics in the radio and 
high frequency ranges. The book is 
written primarily for engineers in 
engineering terms; for example, the con- 
cepts of demagnetization factor and the 
effects of magnetic and dielectric dis- 
continuities are discussed by analogy to 
an equivalent electrical circuit. 

The first chapter discusses the proper- 
ties of ideal magnetic and dielectric 
materials under applied fields, starting 
with the inductance and capacitance of 
specific shapes and building up to their 
electromagnetic behaviour in such cases 
as the so called ‘ dimensional resonance’ 
in ferrites and the resonant properties of 
dielectric filled cavities. This is followed 
by a chapter on the properties of 
materials actually available and com- 
mences with a good elementary intro- 
duction to ferrites, and barium titanite 
ferroelectric ceramics with particular 
emphasis on the variation of perme- 
ability, or dielectric constant with 
frequency. The non-ferroelectric high 
dielectric constant materials based on 
bismuth strontium titanate are also 
briefly mentioned. Methods of manufac- 
ture are outlined and the practical 
difficulties and tolerances to be expected 
in ceramic materials due to ageing, 
shrinkage, etc., are discussed, The third 
chapter describes the properties of in- 
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ductors and capacitors made from 
practical materials. 

Chapter 4, under the heading “Distri- 
buted Parameter Effects” describes in 
detail the design and development of the 
Allen Bradley Company’s feed-through 
capacitors. The author starts by develop- 
ing in some detail the relevant four 
terminal network theory and proceeds to 
analyse each type of decoupling capaci- 
tor, Finally, the most successful design 
containing elements of barium titanate 
and ferrite is analysed. 

In the last chapter a few non-linear 
properties of ferrites are described, in- 
cluding some applications of square loop 
ferrites (excluding computer applications) 
and an elementary introduction to ferrite 
gyrators and isolators. 

Although the book only deals with a 
few specialized aspects of ferrites and 
ferroelectrics, it can be recommended be- 
cause of the broad and novel approach 
to the subject. 

A. W. Simpson 


Modern Physics for the Engineer 
Edited by L. N. Ridenour and W. A. Nieren- 
berg. 383 pp. 167 figs. Medium f8vo. Second 
Series. McGraw Hill Book Co. 1961. Price 74s. 

HIS is the second volume of this title, 

the first having been published in 

1954. The present volume comprises 
lecture courses given in various Institu- 
tions in California in the period 1957 to 
1958. There are three sections headed 
Laws of Nature (8 articles), Man's 
Physical Environment (3 articles) and 
Technology (4 articles). The subjects of 
these articles are all different from those 
in the previous volume which was based 
on similar lecture courses given five years 
earlier. 

Section one in the present volume 
deals first with nuclear physics and gives 
an excellent account of the strange par- 
ticles, of nuclear shell structure, and 
of the investigation of nuclear structure 
by electron scattering. The remaining 
articles in this section are on electron- 
lattice interactions in ideal crystals, the 
properties of liquid helium, supercon- 
ductivity and the propagation of hydro- 
magnetic waves in ideal media. The 
article on superconductivity outlines the 
theory and includes the most recent 
(1958) developments. 

The second section starts with the 
treatment of the abundance of the 
nuclear species, both in the earth and 
throughout the cosmos, and of the 
theories of the origin of these species. 
The difficulties in the theory of the for- 
mation of high mass nucleons in the 
expanding universe are discussed, and the 
alternative theory of synthesis in the 
stars is considered in detail. There is thus 
a combination of important and interest- 
ing aspects of nuclear- and astro-physics. 
The second article gives a fascinating 
account of radio astronomy and the 
objects so far detected by their radio- 
frequency radiations. The third deals 
with the origin of the earth’s magnetic 
field, and correlates this problem with the 


OCTOBER 1961 


more general one of magnetic fields in 
the cosmos. 

Section three starts with a survey of 
the problems arising in _ controlled 
thermonuclear fusion and of the present 
(1958) status of this subject. The second 
article deals with nuclear reactor tech- 
nology, and outlines the basic physics, 
the properties of the relevant materials, 
and the principles of reactor design. The 
third article gives a lively account of 
particle accelerator machines, in par- 
ticular cyclotrons and synchrotrons and 
the newer machines based on these. 
Finally there is a paper on the frontiers 
of aerodynamic research referring par- 
ticularly to the extremely high speeds 
associated with ballistic missiles and 
space vehicles and to the heating 
problems which arise. Test methods are 
described involving both wind tunnels 
and rockets and bullets in flight. 

The articles are all very well written, 
and summarize the topics in an excellent 
manner from the point of view of those 
who are not specialists in the particular 
subject. Not only the engineer, but the 
physicist also should appreciate and 
enjoy this book. Some of the articles are 
written at a fairly advanced level, and the 
reviewer is very favourably impressed by 
their standard, and by the fact that this 
standard is thought appropriate for engi- 
neers in California. It is to be hoped that 
there are many engineers in this country 
also who will read and enjoy this book as 
much as the reviewer has done. 


D. A. Wricut 


Field Theory for Engineers 


By P. Moon and D. Spencer. 530 pp. 197 figs. 
Demy 8vo. D. Van : Co. Ltd. 1961. 


“TCOR ENGINEERS” in the title of a 

text-book is sometimes used in a 
mildly patronizing way, implying that the 
engineer lags behind his brother mathe- 
maticians and physicists in his theoretical 
approach to the problems facing him, 
and even in the preface, the authors say 
“But these methods (ic. the field 
approach) have generally been regarded 
as too abstruse for the engineer”. No 
compromise is made in the text of “Field 
Theory for Engineers” however, which is 
a complete, detailed and comprehensive 
mathematical treatise on field problems, 
covering not only electronic and electrical 
topics, but all aspects of engineering. A 
large part of the book is devoted to 
solutions of Laplace’s equation under 
different conditions. Starting with a 
general survey in which references are 
made to rigid mathematical solutions— 
relaxation methods—numerical solutions 
—graphical methods and experimental 
methods, including rubber membrane 
models and electrolytic tanks, there are 
several chapters considering solutions of 
the equation in a number of different co- 
ordinate systems, each particularly suited 
to the problem in hand, and the reader 
is encouraged to develop a facility in 
transforming co-ordinates to fit the 
boundary conditions. 
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THE 
MATHEMATICAL 
THEORY OF 
LINEAR SYSTEMS 


by 


B. M. BROWN, M.A. 


Assistant Professor of Mathematics, 
Royal Naval College, Greenwich. 


This book, the second volume in 
the Automation and Control 
Engineering Series, edited by 
J. F. Coales, gives a comprehen- 
sive introduction to the theory 
of linear equations and their 
applications to control systems, 
and also provides the necessary 
mathematical background to 
other subjects in the series. 50s. 
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Later chapters cover solutions of 
Poisson’s equation by similar techniques, 
and the development of electromagnetic 
wave equations. These latter chapters on 
the scalar and the vector wave equations 
give a relatively small amount of space 
to transmission line and waveguide 
theory, but provide the knowledge of 
how to tackle new situations rather than 
giving specific solutions to them. 

Each chapter is followed by a detailed 
set of references, a collection of examples 
set on the work of the chapter, and where 
applicable by tabulated information. 

The book is based on “notes used in 
the Engineeering Department of the Mas- 
sachusetts Institute of Technology . . . for 
senior or graduate students”. One feels 
that the book aims at developing a way 
of thinking, and a uniformity of approach 
to field problems, and will therefore be 
more useful as a guide for continuous 
study, im the way of a university text 
book, rather than as a day-by-day refer- 
ence book for the practising engineer. 

J. W. SUTHERLAND 


Value Engineering Vol. 2 


Edited by R. S. Mandelkorn. 167 a # 19 figs. 
Medieom 8vo. Cha 2 ag Hall id. 1961. 
ice 67s. 


HIS book is written by a staff of 

specialists and the twenty-four chap- 
ters explain how the principles of 
modern Value Engineering are used to 
reduce the cost of manufactured pro- 
ducts while maintaining the quality. 
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ietians [OO THE: EDITOR 


(We do not hold ourselves responsible for the opinions of our correspondents) 


Silicon Four Layer Devices as 
High Power Pulse Generators 
Dear Sir,—I was interested to see that 
Mr. R. P. F. Lauder in his article in the 
July 1961 issue suggests a circuit in 
which forward breakdown in silicon 
controlled rectifiers is deliberately used 
to economize in trigger circuits. Until 
recently I was confident that this type 
of breakdown was _ non-destructive’-”. 
However, I have lost confidence in this 
view after seeing several silicon con- 
trolled rectifier failures, apparently due 
to forward breakdown. Also at least 
two of the manufacturers listed by Mr. 
Lauder definitely do not subscribe to 

the non-destructive theory. 

This appears to be a point of con- 
siderable importance which still re- 
quires definite clarification. 


Yours faithfully, 


R. THOMPSON, 
Leigh Park, Havant, Hants. 


REFERENCES 


- Controlled Rectifier Manual. General Electric Co. 
Publication, Pp. 37-38 (1960). 

. Bisson, D. . R. F. A Silicon Controlled 
Rectifier—Its Characteristics and Ratings—1. 
A.LE.E. CP. 58-1258, page 3. 


The Author Replies: 

Dear Sir,—Mr. Thompson raises an 
important point; forward breakdown in 
four-layer devices is, of course, destruc- 
tive if the energy dissipated in the slice 
raises the temperature above the pre- 
scribed limit. The dissipation under pulse 
conditions is rather a complicated affair 
and depends to some extent on the ex- 
ternal circuit. It is clearly proportional 
to the current, the voltage across the 
device while current is flowing, the duty 
ratio, and the switching time, and in- 
versely proportional to the coding. 

It the device is being used as a diode 
(regardless of whether it is a two- or a 
three-terminal pnpn) to generate a rec- 
tangular pulse, then if dissipation in the 
slice is plotted against time during the 
pulse, a picture something like Fig. 1 
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Fig. 1. Dissipation against time 


will result. Where f¢, = switching time 
from high to low impedance, 1, = the 
width of the pulse, V; = the forward 
voltage drop in the low impedance state 
and i, = the peak current. Then a pessi- 
mistic view of the area under this curve 
would be given by equation (1). 
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Energy dissipated = 


Vano—V. 
ee a 
2 


To bring this to mean power in watts 
it is multiplied by the p.r-f. 


Wm = 


Va0o—V 
(==) + Vet |i 
y 


To find the practical application of 
this equation, take the Ferranti DSIG 
diode with V0 = 100V, Ve = 1-5V, 
t, = O-lusec, i, = SA and W,, = 0'1W. 
Taking t, = lusec the maximum p.r-f. 
can be found to be: 


0-1 x 10° 
(49°25 x O1 + 1-5)5_ 
= 3100 p/s 

This is a theoretical argument, but 
if a device is rated for a particular dis- 
sipation and a particular peak current 
maximum, then provided the external 
circuit conditions are adjusted to pre- 
vent these maxima being exceeded, it 
would seem immaterial whether the 
current were switched on by gate action, 

or by anode breakover effects. 


Yours faithfully, 
R. P. F. Lauper, 


Ferranti Limited, 
Edinburgh, 5. 





p.r.f. (max) = 


Cathode Coupled Cascode 
Stabilizer Circuit 


Dear Sir,—lIn the article by Messrs. 
Jones and McClean, August 1961, I am 
rather puzzled by their use of a cathode- 
follower stage between the reference 
voltage divider and one of the input 
grids to the amplifier. Presumably the 
loss of gain reported by the authors is 
due to grid current, in which case I 
should expect a similar if not greater 
loss to exist at the other input grid, since 
the resistance of the sampling network 
is comparable to that of the reference 
divider. 

In fact, unless the heater supply is well 
stabilized (and I see no mention of this) 
the use of a cathode-follower at this 
point will vitiate the stability of the 
reference supply. A 10 per cent change 
in the heater supply will produce a 
signal of about 100mV at the input grid 
resulting in about 10V change in the 
output at the level of 4kV. For these 
reasons I should very much like to know 
how the apparatus described meets the 
specification. 


Yours faithfully, 
N. Bert, 
University of Cambridge. 
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The Authors’ Reply: 

Dear Sir,—Thank you for taking the 
time to write to us regarding the article. 

The effect, of using the cathode- 
follower between the reference supply 
voltage divider and input grid of the 
amplifier is not nearly so serious as you 
have suggested. If the gain factors from 
each of the input grids to the grid of the 
series valve were equal, the change in 
output voltage for a change in reference 
voltage would depend primarily on the 
fraction of the output voltage which is 
sampled for comparison with the refer- 
ence voltage. In our stabilizer this frac- 
tion varies from about 1/7" to 1/14" 
over the range of output voltages, so 
that the change in voltage at the output 
of the stabilizer would be about 7 to 
14 times that at the reference voltage 
input. Your suggested change of 0:1V 
out of the cathode-follower would then 
produce changes of 0°7 to 1°4V at the 
output, depending on the output voltage 
desired. In fact, they are considerably 
less than these values. The voltage 
change at the cathode of the cathode- 
follower for a mains voltage change 
from 105V to 125V is 0°15V, and the 
resulting change in output voltage is 0-4 
to 0:7V for output voltages of 2°4 and 
5kV_ respectively. These lower values 
result because the gain from the grid 
which samples the output voltage is 
about twice as great as that from the 
other grid, and because partial compen- 
sation occurs at other points in the 
amplifier. 

The loss of gain which occasioned the 
use of the cathode-follower is probably 
due to grid current. That this does not 
appear to be present at the opposite 
input is attributed to the great difference 
in operating conditions for the two 
halves of the valve—low anode voltage 
and small grid bias in the one case, and 
high anode voltage and larger grid bias 
in the other. 

In addition the following mistakes, 
which had previously escaped our 
notice, appear in the article. In Fig. 3, 
the resistor at the cathode of V., should 
be 47k2 rather than 4-7k2, and the re- 
sistor at the cathodes of V, should be 
3-9kO2 rather than 1-‘8k2. This latter error 
also appears in the next to the last line 
of the Appendix where Rx = 3-9k2 
should appear. 


Yours faithfully, 


S. G. Jones and R. S. MCCLEAN, 
National Research Council, 
Canada. 


Tuned Transistor Audio Amplifier 


Dear Sir,—During a recent design 
problem on a transistorized tuned audio 
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Fig. 1. A simple circuit 
amplifier our attention was drawn to a 
discussion of a circuit described in your 
journal’ in which the author makes the 
statement that ‘the size of the element 
used in the twin-T network must be 
chosen so that there is little loading on 
the input and output sections of the 
amplifier’. This implies that the input 
impedance of the amplifier should be 
less than that of the parallel-T network, 
Z. 
Clearly this cannot be so, for if the 
feedback factor is to be kept high then 
the input impedance of the amplifier 
prior to connecting the parallel-T net- 
work must be much greater than Z, 
Although this point is partly covered by 
Ryan it does not appear to have been 
fully examined during the development 
of his circuit. From the limited informa- 
tion available to us it would appear that 
the input resistance of the 2N175 
grounded emitter stage is about 1:1k®, 
this is in shunt with Z, = 5 x 10° (1—j) 
ohms when operating close to the centre 
frequency, fo. 

It does appear that if any great 
freedom of choice over component 
values in the feedback network is to be 
obtained, both in this and other similar 
feedback systems in present-day tran- 
sistor circuits, then it is necessary to 
introduce an impedance transformer, 
e.g. an emitter-follower. 

A simple circuit using an emitter- 
follower is shown in Fig. 1. This has 
the advantage that it is possible to inject 
the signal without affecting the feedback 
network, though it does result in a low 
impedance input. The voltage gain of 
this circuit operating at lkc/s was found 
to be 84 and the equivalent Q was 22. 

A minor point concerns the value 
quoted for Z, in Fig. 2 of the letter 
referred to, this should be 

Zy = (R,/2) {1—-j(f./f)] 
Yours faithfully, 
G. May and J. R. James, 
Royal Military College of Science, 
Shrivenham. 


REFERENCE 
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The Author Replies: 


Dear Sir,—I am pleased to note the 
interest shown by your correspondents 
in the tuned transistor audio amplifier 
and thank them for indicating the error 
in Z,. Since the amount of feedback 
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using an emitter-follower 


depends principally on the value of the 
equivalent series impedance Z,, the 
description of the operation of the cir- 
cuit is still valid. The problem of im- 
pedances was considered in the design of 
the amplifier and the compromise of 
feeding a twin-T network from a low- 
impedance source into a low-impedance 
load, with the consequent loss in rejec- 
tion, was based on the practical difficulty 
of economically using the twin-T as a 
current feedback network (high source 
impedance, low load impedance) or as 
a voltage feedback network (low source 
impedance, high load impedance), either 
of which would result in maximum pos- 
sible feedback. 

In the particular application, a large 
amount of rejection at frequencies well 
outside the pass-band was not required 
and, as can be seen from the experi- 
mental results, the skirts of the response 
curve tend to flatten, especially at low 
frequencies. In the pass-band there is 
a small amount of positive feedback, 
which tends to sharpen the response 
curve and compensate for the loss in 
the feedback resistor Rm. This lack of 
rejection at low frequencies may indeed 
limit possible applications, for example 
in a bridge null detector where a large 
amount of rejection at 50c/s or 100c/s 
may be required, and circuits of the type 
suggested by Messrs. May and James 
may then be preferred. 

However, the original requirements 
of low current consumption, appreciable 
selectivity and high gain are met by 
the published circuit, for example the 
current drain, the equivalent Q and the 
voltage gain are ImA, 10 and 6000 
respectively compared with about 2°5mA, 
22 and 84 in the proposed circuit. 

The original circuit also demonstrated 
a method of obtaining adequate bias 
stabilization through the feedback net- 
work. The calculated emitter-current 
stability factors of the two transistors 
may be tabulated as follows, assuming 
identical transistors: 


Transistor 1 
Sz = +39 
Sp’ = —0°22mA/V 
Transistor 2 

Io. — derived Sg = —56 

Vie — derived Sp’= +0°21mA/V 
It should be noted that in order to 
reduce the increase in emitter current of 
the first transistor, the emitter current of 
the second transistor must fall with in- 


Ino — derived, 
Vo. — derived, 
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creasing temperature, a point which was 
not brought out by Bowen’. For a 20°C 
change in temperature, Jy, increases by 
90uA and Jy, falls by 120#A approxi- 
mately. 
Yours faithfully, 
W. D. Ryan, 


Department of Light Electrical 
Engineering, 
The Queen’s University of Belfast. 


REFERENCE 


1. Bowen, B. A. Transistor Circuit Temperature 
Stability Analyses. Electronic Engng. 7. 695 
(1959). 





PUBLICATIONS 
RECEIVED 


POLYPENCO LIMITED have recently issued 
three publications describing their highly developed 
formulations ef plastic materials designed to 
achieve a wide variety of functions both in 

i d ducts and in manufacturing pro- 





cesses. The products dealt with are registered 
under the following Trade Names:—‘‘Fluorosint’’, 
“Nylatron G.S." and “‘Nyla 

sure Hose’. Enquiries should be 

Polypenco Limited, 68-70 Tewin Road, Welwyn 
Garden City, Herts. 


SALES & SERVICE OVERSEAS is a_ revised 
and up-to-date version of publication $109 re- 
cently produced by Negretti and Zambra Limited, 
122 Regent Street, London, W.1. 


THE PROPERTIES AND APPLICATIONS OF 
*‘K’ MONEL HEAT TREATABLE CORRO- 
SION-RESISTING ALLOY is the title of a pub- 


lication consisting mainly of charts and graphs 
on the physical and mechanical properties of the 
alloy with sections on the available forms and 
applications. The publication is obtainable free 
on request from the a Hen 
Wiggin and Co. Limited, ames House, Mill- 
bank, London, S.W.1. 


ASHBURTON RESISTANCE CO. LTD, have 
produced a catalogue dealing with the whele 
range of Arco! Precision Wirewound Resistors 
Details of each resistor include a dimensional 
drawing and full specification and im all cases a 
table giving the li i throughout the range 
of ohmic values and tolerance grades for that 
specific size is to be found on the facing page. 
conti should be addressed to the Company 
at 72 Brewery Road, London, N.7. 


*‘ BPOPHEN ' EPOXIDE RESINS FOR ELEC- 
TRICAL USES is the title of a booklet and data 
sheet recently produced by Leicester, Lovell and 
Co. Ltd, of North Baddesley, Southampton, and 
copies are freely available upon request. 


THERMOCOUPLES is a publication issued by 
the Cambridge Instrument Company describing 
their standard range of rare- and ba 
thermocouples for temperatures up to 1 500°C. 
The publication gives details of the factors gov- 
erning the choice of suitable assemblies for widely 
differing applications, and describes a simple 
three-letter coding system which simplifies the 
ordering of stock assemblies and replacement 
parts. Copies of the publication are available 
from <r aad at 13 Grosvenor Place, Lon- 
don, 8.W.1. 


CAPACITORS. INDUCTORS AND RESISTORS 


AT RADIO FREQUENCIES by Dr. T. I. Jones 
is No. 22 in the “Notes on Applied Science ’ 


advice on specific questions, can be 

writing to the Director of the Laboratory. at 
Teddington, Middlesex, and copies of the 

tion are available from Majesty's Stationery 
Office. Price is. 9d. 
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THE AIRCRAFT EXHIBITION 


A description, compiled from information supplied by the manufacturers, of a few of the 
electronic exhibits shown at the recent exhibition of the Society of British Aircraft Constructors. 


(Voir page 685 pour la traduction en frangais ; 


BELLING & LEE LTD 
Great Cambridge Road, Enfield, Middlesex 
INTERFERENCE SUPPRESSION FILTERS 


(Illustrated below) 


Under an agreement concluded with 
the Filtron Co. Inc. of America, Belling 
& Lee Ltd are making a range of inter- 
ference suppression filters pioneered by 
the American company. They will be 
known as ‘ Belling-Lee Filtron’ filters. 
They provide a high standard of perform- 
ance and reliability, are hermetically 
sealed and are suitable for operation in 
the temperature range of —55°C to 
+85°C (some types up to +125°C). They 
are made in ratings from 0-15A up to 
300A and up to 18kV d.c. working. 

As an indication of their performance 
one of the largest, type BFSR-1205, 


which is intended for screened room 
applications is rated at 200A continuous 
for 250V a.c. (600V d.c.) supplies of 0 
to 400c/s and provides an attenuation 
greater than 100dB over the entire fre- 
quency spectrum from 14ke/s to 10Gc/s. 

The illustration gives some indication 
of the range of sizes available. 


EE 38751 for further details 


BEME TELECOMMUNICATIONS 
LTD 

24 Upper Brook Street, 
TELEMETRY RECEIVER 

(Illustrated above right) 


The X60/RC is an all transistor crystal 
controlled v.h.f./f.m. control receiver 
designed for use in high altitude meteoro- 
logical research work. The _ receiver 
operates in the 70 to 80Mc/s band: it 
has a sensitivity of 5uV and limiting 
occurs at 10#V. The unit is of modular 
construction, the r.f. module consists of 
two common base r.f. amplifiers, a crystal 
controlled local oscillator, a frequency 
trebler and a mixer stage. The i.f. module 
has two common emitter if. stages, a 
limiter and discriminator. The i.f. fre- 
quency is 1‘6Mc/s and the discriminator 
has a 60kc/s linear characteristic, the 
turnover ‘points being greater than 
+80ke/s. The i.f. bandwidth is 60kc/s at 
the 3dB points and is 60dB down at 


Loadon, W.1 
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+260kc/s. The discriminator output feeds 
on to the if. module which comprises 
an |.f. amplifier, filter assembly and’ five 
relays. 

The system uses five tones in the 3kc/s 
to 7kc/s frequency range, each tone 
being a harmonic of 400c/s. Commands 
are obtained by combining any two tones 
and up to ten commands are available 
on this particular receiver. 

The receiver operates from 12V and 
requires 200mA for one command to be 
operational. The current requirement 
without relay operation is of the order 
of 100mA. The unit is of nominal dimen- 
sions and weighs less than five pounds. 


EE 38 752 for further details 


BRYANS AEROQUIPMENT LTD 
1 & 15 Willow Lane, Mitcham, Surrey 
DaTAa PLOTTING EQUIPMENT 

Bryans data plotting equipment will 
automatically plot X and Y co-ordinate 
data recorded on standard type tapes and 
cards using conventional readers. The 
equipment consists of: 

(1) An X and Y co-ordinate plotting 

table. 

(2) A data translator. 

(3) A symbol printer. 

The data translator accepts one decade 
of information at a time, either in deci- 
mal (ten line) or binary coded decimal 
(four or five line) form from the reader. 
When the input data is decimal a diode 
matrix encoder converts it to binary 
coded decimal for storage purposes. 

Decoding, distribution, initial storage 
and logical control operations are per- 
formed by transistor circuits, thereby 
imposing no delay in the system. The 
Operating rate is determined by the 
response of the table and the reader. 
The read-in rate is normally 20 charac- 
ters per second and the mean plotting 
rate is 60 per minute. 

In operation, data collected serially 
from the tape or card is passed imme- 
diately to primary stores and held there 
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until the plotting table is ready to accept 
it. In the meantime the plotter is work- 
ing on the previous information. Com- 
pletion of a symbol point automatically 
transfers the new information in parallel 
fashion from the primary to secondary 
stores. These stores hold the information 
during a plotting cycle and decide the 
corresponding voltage analogues for X 
and Y operating the pen assembly on the 
table. Fresh data is collected and stored 
in the primary stores as soon as the trans- 
fer has been made and the cycle repeats 
until a stop signal is read. 


EE 38 753 for further details 


TRANSISTORIZED TUNING ForRK 
(Illustrated above) 


This tuning fork provides a stable 50c/s 
reference frequency and is especially 
suitable for use in tachometer testers 
operating on the stroboscopic principle, 
as a reference signal for the accurate 
speed control of 50c/s synchronous 
motors or for use in time control 
equipment. 

The principle of operation is as 
follows. A low temperature coefficient 
tuning fork forms a resonant element in 
a closed loop transistorized amplifier. 
The amplifier is coupled to the tuning 
fork by a magnetic sensing coil and a 
magnetic drive coil. 

Oscillations are started by means of a 
striking knob and thereafter maintained 
by the transistor amplifier. The output 
from the fork is in the form of a narrow 
triangular pulse once every cycle and is 
suitable for direct driving of strobo- 
scopic tubes or as a_ synchronizing 
signal for an oscillator which drives a 
synchronous motor. 

At 20°C the frequency of oscillation of 
the fork is 50+ (5 x 10-*)c/s, while the 
amplitude of the output pulse is not less 
than 175V positive. 


EE 38 754 for further details 
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EE 38 126 for further details 


ACCURATE 
STABLE 
SINUSOIDAL 
SIGNALS 


of pure wave form 


30kc/s—30Mc/s 


The Airmec Type 201 is a standard signal generator 
providing accurate stable sinusoidal signals of pure wave 
form, from 30 kc/s to 30 Mc/s. It incorporates every 
desirable feature needed in a signal generator—including 
crystal calibration, stabilised output level, very accurate 
attenuators, very low harmonic distortion, wide output 
level range, and excellent stability. 


FEATURES 
FREQUENCY RANGE: 30 kc/s—30 Mc/s in 7 bands. 
TUNING: 48’ film scale driven by slow motion drive. 


CRYSTAL CALIBRATOR: Provides between 20 and 
50 check points on each range. 


STABILISED OUTPUT LEVEL: 1,V-1.1 volt in 75 
ohms (x2 unmodulated) 5 volts in 300 
ohms ( x 2 unmodulated). 


CONSTANT OUTPUT IMPEDANCE: Constant 
within +0.5 dB over complete frequency 
range. 


LOW HARMONIC DISTORTION: Less than 1% 
of any harmonic. 


SPURIOUS FM: Less than 300 c/s at 30% Mod. depth. 


HF SIGNAL GENERATOR 


type 201 


AIRMEC LIMITED * HIGH WYCOMBE « BUCKS, 
TELEPHONE : HIGH WYCOMBE 2501/7 
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EE 38 127 for further details 
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(EF K4 N solve one-sided assembly problems 


with these New Low-Cost High-Speed Fasteners— 


* 
ok 
* 
* 
* 
* 
* 
* 
* 


No tapping 
NPK 

bs ~ Self-Tapping 
Insulated fixing ne 5 Screw 


Assembly from one side 


High strength/weight ratio 
No special tools required 
Vibration-proof 


Clips in position and cannot fall out Hr SS 4 INSULGRIP 
S ~ Shock and 
. vibration-proof 
Low cost Se “SSS Fastener 
cg ’ in Nylon 


Dust and moisture-proof 


Write today for fully descriptive literature 


GEORGE GOODMAN LTD 


ROBIN HOOD LANE - BIRMINGHAM 28 - TELEPHONE: SHIRLEY 4491 
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COSSOR COMMUNICATIONS 
co LTD 
Honeypet Lane, Stanmore, Middlesex 
V.H.F. Pocket RECEIVER 
(/llustrated above) 

The series CC1 is a fully transistorized 
v.h.f., a.m. pocket receiver, designed to 
a permissive British General Post Office 
Specification and at present in the final 
stages of development. Powered by 
rechargeable nickel-cadmium batteries, 
which give 15 to 20 hours continuous 
operation, series CC1 is intended for use 
by Police Forces, Security Guards, Air- 
port Services, Fire Brigades and for all 
applications where low weight and small 
dimensions are major considerations. 
The receiving aerial is contained in the 
earphone lead. Frequency range is 70 to 
100Mc/s; sensitivity in the region of 
3uV, weight 15 ounces (0-42kg) approxi- 
mately, dimensions 64in x 4in x lin 
(16-25cm x 10-O0cm x 2-S5cm). 

EE 38 755 for further details 


V.H.F. Pocket TRANSMITTER 


The series CC7 in a companion trans- 
mitter to series CCI receiver. R.F. power 
output is in the region of 100mW, modu- 
lation capability not less than 80 per 
cent. Series CC7 is fully transistorized, 
drawing power from internal dry mercury 
batteries which give 4 to 5 hours con- 
tinuous operation, or approximately, 20 
hours intermittent use. Transmission is 
normally by a button type microphone 
pinned to the clothing at any convenient 
position: the aerial consists of a short 
length of insulated wire. Weight and 
dimensions are as series CCI. 


EE 38 756 for further details 


COSSOR INSTRUMENTS LTD. 
Cossor House, Highbury Grove, London, N.5 
PorRTABLE DousBLe BEAM OSCILLOSCOPE 

(llustrated above right) 


The latest in the Cossor range of oscil- 
loscopes is the model 2000 which is a 
small portable double beam instrument 
incorporating a 4in cathode-ray tube. 

Independent brightness and focus con- 
trols are provided for each beam and 
twenty-one calibrated time-base ranges 
are available. Frequency response,of the 
two identical Y amplifiers is dc. to 
5Mc/s, better than —3B. Rise-time is 
70usec and the calibrated sensitivity 
extends from 100mV/cm to 100V/cm, in 
steps of 1, 3 and 10. Built-in pre-ampli- 
fiers increase the Y amplifier sensitivities 
to ImV/cm, bandwith Sc/s to 200kc/s, or 
to 10mV/cm, bandwidth 5Sc/s to 1Mc/s. 
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Other facilities include delayed sweep, 
built-in television sync separator and a 
trigger level control which permits 
triggering from any point on a wave- 
form. 

For users who require a wider band- 
width and higher writing speed, model 
2100 is available. This instrument is 
essentially the same as model 2000 but 
the Y amplifiers have a dc. to 6Mc/s 
bandwidth and the cathode-ray tube 
operates at 4kV. 


EE 38 757 for further details 


COSSOR RADAR & ELECTRONICS 
LTD 
The Pinnacles, Harlow, 
Quartz Devay LINES 


Essex 


Cossor quartz delay lines are ultra- 
sonic devices for the storage of pulse 


information over periods of 3 to 
2 500usec, wherever maintenance of pulse 
amplitude and shape is important. Delay 
lines of this type consist of an irregular 
polygon of fused quartz with piezo- 
electric transducers bonded to two facets 
on opposite sides of its axis of sym- 
metry. When the transmitter crystal is 
excited electrically, an ultrasonic signal 
is emitted into the quartz and reflected 
internally a number of times before 
emerging at the receiver. The number of 
reflections, and thus the path length, can 
be controlled by varying the shape of 
the quartz plate, which is cut for an 
optimum ratio of path length to volume 
of material. The slow propagation rate 
of the accoustic medium and the multiple 
internal reflexions of the transmitted 
beam make possible very compact and 
lightweight units which are versatile 
elements in systems requiring dynamic 
storage of pulse data. The units may be 
mounted in any position, and variation 
of delay with temperature change is of 
the order of 70 parts per million per 
degree centigrade. 


EE 38 758 for further details 
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DECCA RADAR LTD 
Albert Embankment, London, $.E.1 
ENVIRONMENT STABILIZED DISPLAY 
SYSTEMS 
(Illustrated below) 

A system availability of over 99-8 per 
cent has been achieved with the proto- 
type of a new and complex radar dis- 
play system under trial-in Decca Radar 
Limited’s laboratories, This performance 
has been sustained over the whole period 
of the prototype trials, which already 
exceeds 10000 hours. This advance in 
reliability for such systems has been 
made possible by a development in the 
engineering of transistor circuits. Decca 
engineers have successfully developed a 
new technique based on ‘ environment 
stabilization’ whereby all circuits and 
transistors are maintained at a constant 
internal temperature to within 0-25°C 
and at controlled humidity. Liquid cool- 
ing provided by an integral refrigeration 
unit and heat exchanger, combined with 
a mechanical design in which excellent 
thermal insulation is achieved, lies at the 
root of this advance. This arrangement 
has successfully handled ambient tem- 
perature variations between 0°C and 
45°, with relative humidity ranging from 
10 per cent to 90 per cent. During the 
10000 hour trials mains voltage varied 
by +15 per cent, but stability was such 
that display error was consistently less 
than 0-2 per cent overall and less than 
0-08 per cent for short term measure- 
ments. 

This new engineering concept makes 
possible the reliable employment of tran- 
sistors in electronic equipment where 
very high standards of performance and 
circuit stability are required. In the 
engineering of typical data handling and 
display systems for civil and military 
operations rooms, and in naval vessels, 
it enables a reduction in power consump- 
tion by a factor of approximately 8. Of 
even greater importance, however, is the 
very high reliability with minimum 
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EE 38 127 for further details 
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COSSOR COMMUNICATIONS 


co LTD 
Honeypot Lane, Stanmore, Middlesex 


V.H.F. Pocket RECEIVER 
(Illustrated above) 

The series CCI is a fully transistorized 
v.h.f., a.m. pocket receiver, designed to 
a permissive British General Post Office 
Specification and at present in the final 
stages of development. Powered by 
rechargeable nickel-cadmium batteries, 
which give 15 to 20 hours continuous 
operation, series CCI is intended for use 
by Police Forces, Security Guards, Air- 
port Services, Fire Brigades and for all 
applications where low weight and small 
dimensions are major considerations. 
The receiving aerial is contained in the 
earphone lead. Frequency range is 70 to 
100Mc/s; sensitivity in the region of 
3uV, weight 15 ounces (0-42kg) approxi- 
mately, dimensions 64in x 4in x lin 
(16-25cm x 10-Ocm x 2-5cm). 


EE 38755 for further details 


V.H.F. Pocket TRANSMITTER 


The series CC7 in a companion trans- 
mitter to series CCI receiver. R.F. power 
output is in the region of 100mW, modu- 
lation capability not less than 80 per 
cent. Series CC7 is fully transistorized, 
drawing power from internal dry mercury 
batteries which give 4 to 5 hours con- 
tinuous operation, or approximately, 20 
hours intermittent use. Transmission is 
normally by a button type microphone 
pinned to the clothing at any convenient 
position: the aerial consists of a short 
length of insulated wire. Weight and 
dimensions are as series CC1. 


EE 38 756 for further details 


COSSOR INSTRUMENTS LTD. 
Cossor House, Highbury Grove, London, N.5 
PoRTABLE Dous_e BEAM OSCILLOSCOPE 

(/llustrated above right) 


The latest in the Cossor range of oscil- 
loscopes is the model 2000 which is a 
small portable double beam instrument 
incorporating a 4in cathode-ray tube. 

Independent brightness and focus con- 
trols are provided for each beam and 
twenty-one calibrated time-base ranges 
are available. Frequency response,of the 
two identical Y amplifiers is d.c. to 
5Mc/s, better than —3B. Rise-time is 
70usec and the calibrated sensitivity 
extends from 100mV/cm to 100V/cm, in 
steps of 1, 3 and 10. Built-in pre-ampli- 
fiers increase the Y amplifier sensitivities 
to ImV/cm, bandwith 5Sc/s to 200kc/s, or 
to 10mV/cm, bandwidth 5c/s to 1Mc/s. 
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Other facilities include delayed sweep, 
built-in television sync separator and a 
trigger level control which permits 
triggering from any point on a wave- 
form. 

For users who require a wider band- 
width and higher writing speed, model 
2100 is available. This instrument is 


essentially the same as model 2000 but 
the Y amplifiers have a d.c. to 6Mc/s 
cathode-ray 


bandwidth and the tube 


operates at 4kV. 
EE 38 757 for further details 


COSSOR RADAR & ELECTRONICS 
LTD 
The Pinnacles, Harlow, 
Quartz DeLay LINES 
Cossor quartz delay lines are ultra- 
sonic devices for the storage of pulse 
information over periods of 3 to 
2 500usec, wherever maintenance of pulse 
amplitude and shape is important. Delay 
lines of this type consist of an irregular 
polygon of fused quartz with piezo- 
electric transducers bonded to two facets 
on opposite sides of its axis of sym- 
metry. When the transmitter crystal is 
excited electrically, an ultrasonic signal 
is emitted into the quartz and reflected 
internally a number of times before 
emerging at the receiver. The number of 
reflections, and thus the path length, can 
be controlled by varying the shape of 
the quartz plate, which is cut for an 
optimum ratio of path length to volume 
of material. The slow propagation rate 
of the accoustic medium and the multiple 
internal reflexions of the transmitted 
beam make possible very compact and 
lightweight units which are versatile 
elements in systems requiring dynamic 
storage of pulse data. The units may be 
mounted in any position, and variation 
of delay with temperature change is of 
the order of 70 parts per million per 
degree centigrade. 


EE 38 758 for further details 


Essex 
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DECCA RADAR LTD 
Albert Embankment, London, 5S.E.1 
ENVIRONMENT STABILIZED DISPLAY 
SYSTEMS 
(lustrated below) 

A system availability of over 99-8 per 
cent has been achieved with the proto- 
type of a new and complex radar dis- 
play system under trial-in Decca Radar 
Limited's laboratories, This performance 
has been sustained over the whole period 
of the prototype trials, which already 
exceeds 10000 hours. This advance in 
reliability for such systems has been 
made possible by a development in the 
engineering of transistor circuits. Decca 
engineers have successfully developed a 
new technique based on * environment 
stabilization’ whereby all circuits and 
transistors are maintained at a constant 
internal temperature to within 025°C 
and at controlled humidity. Liquid cool- 
ing provided by an integral refrigeration 
unit and heat exchanger, combined with 
a mechanical design in which excellent 
thermal insulation is achieved, lies at the 
root of this advance. This arrangement 
has successfully handled ambient tem- 
perature variations between O0°C and 
45°, with relative humidity ranging from 
10 per cent to 90 per cent. During the 
10000 hour trials mains voltage varied 
by +15 per cent, but stability was such 
that display error was consistently less 
than 0-2 per cent overall and less than 
0-08 per cent for short term measure- 
ments. 

This new engineering concept makes 
possible the reliable employment of tran- 
sistors in electronic equipment where 
very high standards of performance and 
circuit stability are required. In_ the 
engineering of typical data handling and 
display systems for civil and military 
operations rooms, and in naval vessels, 
it enables a reduction in power consump- 
tion by a factor of approximately 8. Of 
even greater importance, however, is the 
very high reliability with minimum 
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servicing attention which can be 
achieved, even where great complexity 
and elaboration must be introduced to 
meet exacting operational requirements. 

In the experimental transistorized dis- 
play drive equipment illustrated the heat 
exchanger and refrigerator are housed in 
the lower compartments, while the tran- 
sistor circuits mounted on printed circuit 
boards are housed in the upper compart- 
ments. Q 

The trial equipment requires 225W, 
and is capable of operating two viewing 
units for a back to back aerial type long 
range surveillance radar, each having 
two main traces, a separately controlled 
interscan range and bearing line and pro- 
vision for electronic display of c.r.d.f. 
and video map information. 


EE 38 759 for further details 


THE FAIREY COMPANY LTD 
24 Bruton Street, London, W.1 
RADAR REFLECTORS 
(/llustrated above) 

A display of special trials aids for the 
Jindivik high-performance target aircraft 
was the central feature of the main Fairey 
stand. 

The equipment included Fairey micro- 
wave reflectors for enhancing radar 
response. A 10in diameter reflector fitted 
to the 25ft 8in span Jindivik increases the 
‘blip’ on the radar screen of an attack- 
ing fighter or weapon trials unit to a 
strength equal to that from a 65ft span 
bomber. 

The refiectors are spherical in shape 
and are made of expanded plastic. They 
are passive and completely self-contained 
and have an unlimited life with no main- 
terance. They are covered with thin 
glass-fibre-and-resin skins which give 
complete protection under all weather 
conditions. 

In addition to their value on target 
aircraft and towed targets, other applica- 
tions for Fairey microwave reflectors are 
for boosting the radar echo from civil 
aircraft, helicopters, gliders, airfield run- 
way markers, small boats, life-rafts, 
buoys and navigational beacons. 

EE 38 760 for further details 


FERRANTI LTD 
Hollinwood, Lancashire 
AUDIBLE WARNING SYSTEM 
(Illustrated above right) 
Normally, warning infurmation of 
faults is brought to the attention of the 
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pilot by flashing lights or the illumina- 
tion of a dial indicating which system is 
faulty. Now, by enlisting the addi- 
tional input channel of hearing, a reduc- 
tion of the pilot's visual load can be 
effected. Speech warning of faults de- 
veloping, such as hydraulic failure or 
falling oil pressure, is played into the 
pilot’s head set. 

The transistorized audio warning unit 
comprises a tape transport mechanism 
and selector switch driven by a governed 
d.c. motor with gear head. The selector 
switch continuously samples the input 
signalling wires so as to automatically 
connect the appropriate track to a play- 
back amplifier. Bandwidth of the audio 
channels is 300c/s to 2-Skc/s. 

Warning messages are recorded on a 
closed loop of magnetic tape about 9in 
long and lin wide. This sandwich type 
tape has 16 tracks; one for controlling 
the indexing of the tape and the re- 
mainder for messages. The message 
length can be up to 43sec duration, 
although this time can be easily extended 
if necessary. Access time for a message 
is about 250msec. 

Signals are designated priority or com- 
mon respectively. Priority signals which 
take precedence over common signals 
will be repeated continuously until 
manually cancelled by the pilot, and the 
common signals will be repeated three 
times until cleared automatically. There 
is no possibility of conflict in maintain- 
ing communication with ground stations 
over the radio telephone as warning sig- 
nals can be superimposed on incoming 
radio signals. 

The prototype audio warning unit is 
housed in a hermetically sealed cylindrical 
container about 10in long and 4°/;,in dia- 
meter, filled with an inert gas as a pro- 
tection against severe environmental con- 
ditions. Weight is 6lb approximately. (It 
is expected that the production version 
will be about half the length and weight 
of the prototype.) 

The unit is suitable for operation at 
ambient temperatures up to 55°C and 
down to —20°C. It operates from a d.c. 
supply which may vary between 20 and 
30V and is quiescent at all times except 
when a message is being signalled. 

EE 38 761 for further details 


THE GENERAL ELECTRIC 
co. LTD 
Kingsway, 
Data TRANSMISSION SYSTEM 


Magnet House, Lendon, W.C.2 


The data transmission system consists 
of a ground-to-ground digital data link 
and an airborne digital-to-analogue con- 
vertor unit. Of particular interest on the 
ground link is the use of three standard 
land lines to achieve high information 
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rates of up to 3600 bauds. After con- 
version in the airborne unit from digital 
to analogue form, the instructions to the 
aircraft can either be displayed on suit- 
able instruments or coupled directly into 
the aircraft autopilot. Both ground and 
airborne equipments are fully tran- 
sistorized and are designed for high reli- 
ability. 

EE 38 762 for further details 


MARCONI INSTRUMENTS LTD 
St. Albans, Hertfordshire 


R.F. Power METER 
(Illustrated below) 


The 100W r.f. power meter type 
TF 1020A is a direct-reading absorption 
wattmeter for use at all frequencies up 
to 250Mc/s. It is entirely self-contained 


ee — 


and has two measurement ranges of 50 
and 100W full-scale. From dc. to 
100Mc/s the accuracy of measurement is 
5 per cent of full-scale and at 250Mc/s 
the accuracy is 7-5 per cent of full-scale. 

The meter indicates mean power 
irrespective of waveform. Therefore, 
power contained in harmonics of the 
input is correctly summed with the 
fundamental; further, since the meter 
will indicate the correct increase in 
power when amplitude modulation is 
applied, percentage modulation depth 
can be calculated. 

Other important results of its unique 
design are that the instrument can be 
used to measure the mean power output 
of pulse transmitters or modulators and 
that the calibration of the instrument 
can be accurately and easily checked and 
standardized at either d.c. or power 
supply frequencies. 

A_ high-power version, employing 
forced-air cooling, with measurement 
ranges of 150 and 300W full-scale is 
available. 

EE 38 763 for further details 


MARCONIPS WIRELESS TELEGRAPH 
co. LTD 
Chelmsford, Essex 
TABULAR DisPLay UNIT 
(Illustrated on page 679) 

This unit forms the display section of 
a complete tabular display equipment 
manufactured by the Marconi Company. 
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EE 38 128 for further details 


In semiconductor power rectifier cells 


In order to meet the precise material specifications 
required in the production of semiconductor recti- 
fiers, AEI (Rugby) have selected several Wiggin 
high-nickel alloys to overcome problems of purity, 
corrosion and expansion. 


Design engineers and others interested in obtain- 
ing fuller information on this interesting appli- 
cation of our alloys, are invited to send for a copy 
of our journal ‘Wiggin Nickel Alloys’ No 61. 


To Henry Wiggin & Co Ltd, Wiggin Street, Birmingham 16 
Please send me without charge a copy of Wiggin Nickel Alloys No 61 


APPOINTMENT OR DEPARTMENT —____ 


—— 


COMPANY AND ADDRESS 


EL/E13/10 


4y HENRY WIGGIN & COMPANY LTD WIGGIN STREET BIRMINGHAM 16 
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EE 38 129 for further details 


“GENERAL RADIO’ 


V.H.F.— U.HLF. 
MEASURING EQUIPMENT 


With basic measuring instruments, such as the Slotted Line or Admittance Meter, generators, 

- detectors, and a wide range of inter-related coaxial elements, all linked through the ingenious 

Type 874 connector, ‘GENERAL RADIO’ offer the scientist and engineer a 50-ohm VHF- 
UHF measuring system that is 


Complete - Integrated - Accurate + Versatile 


TYPE 874-LBA SLOTTED LINE: 


Basic measuring instrument for examination of the standing-wave- 
pattern of the electric field in a coaxial line, from which VSWR, 
impedance of load, phase of reflected wave, losses in attached elements, 
degree of mis-match between line and load, etc. can be determined. 
Accurate and straightforward in use. Frequency range 300-5000 Mc/s 
(with some loss in accuracy: 150-7000 Mc/s). Also available: Type 874- 
LV Micrometer Vernier (for measurement of high VSWR). Type 874- 
MD Motor Drive for oscillographic display of standing-wave pattern. 


SYSTEM 


Keystone of the entire system is the unique Type 874 coaxial 
connector, fitted to all elements (see illustration below); this low-loss 
connector, any two of which, although identical, can be plugged 
together gives the system versatility and ease in setting-up for any 
measurement, and is characteristic of G-R’s clear-sighted engineering 
philosophy. Low-loss adaptors are obtainable to link up with other 
systems. 


TYPE 1602-B ADMITTANCE METER: 
A compact and versatile instrument, accurate 
and rapid in use, for determining the compon- 
ents of an unknown admittance in the VHF- 


UHF range. Scales read directly in conductance 
and susceptance, independent of frequency. With 
unknown connected through quarter-wave- 
length line, scales read in resistance and 
reactance. Can be used for measurement of 
VSWR and reflection coefficient, matching or 
comparison of impedances, and measurements 
on balanced line circuits (with the Type 874-UB 
*‘Balun’). Frequency range 41-1500 Mc/s. 
(Down to 10 Mc/s, with correction). Includes 
conductance and susceptance standards. 


Write for complete information. 


J, 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


Around this connector G-R have developed a wide range of coaxial 
elements :- lines, stubs, filters, attenuators, capacitors, inductors, 
insertion units, ells, tees, terminations, etc., of excellent electrical 
characteristics. These coaxial elements, together with generators, 
measuring gear, detectors, ‘Balun’, and other instruments form a 
complete and integrated line of high-frequency measuring equipment, 
designed for highest accuracy, dependability and convenience in use 
...in keeping with the G-R tradition of supplying only the finest in 
laboratory equipment. 


eM 


Identical Type 874 connectors. 





Claude Lyons Mtd. 


Sole U.K. representatives of the General Radio Company, U.S.A. 


76 OLDHALL STREET, LIVERPOOL 3, LANCS. TELEPHONE: CENtral 4641-2 
VALLEY WORKS, HODDESDON, HERTS. TELEPHONE: HODdesdon 3007-8-9 


CL 4B EIA 
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The SD1016 unit is a compact assembly 
housing a high-definition bright-display 
Jin x Sin rectangular cathode-ray tube, 
and its associated circuits, namely the 
deflexion amplifiers, video amplifier and 
e.h.t. supply. The signal sources and 
main h.t. supplies are derived from 
external sources. 

The complete tabular display equip- 
ment is designed for use in data process- 
ing systems where the information is 
derived from a digital computer or pro- 
cesser. In a _ typical installation, this 
information, after preparation in accord- 
ance with programming instructions, and 
assembly in correct sequence in the com- 
puter, is passed to a buffer store in the 
control unit of the tabular display equip- 
ment where it is retained until modifying 
instructions are received. The stored 
data is scanned sequentially at a rate 
determined by timing circuits and fed 
out to control an electronic character 
generating device which provides the 
waveforms required to produce alpha- 
numeric symbols on the display unit 
SD1016. As the equipment is capable of 
accepting a modification of a single 
character without the remainder of the 
characters having to be altered, the mini- 
mum of computer loading is achieved. 

The displayed picture consists . of 
symbols of alpha-numeric characters 
arranged in a series of horizontal lines 
across the cathode-ray tube face. The 
individual character is * written’ by con- 
tinuous movement of the electron-beam 
spot through the intersections of a 4 unit 
x 4 unit grid or matrix and legibility is 
extremely good. Four hundred characters 
‘written’ on the 7in x Sin screen are 
easily readable at a viewing distance of 2 
to 3ft, in normal room lighting condi- 
tions. Each character is written in 20ssec. 
As the central unit of the complete 
equipment is capable of delivering 
50000 characters per second, the use of 
time sharing techniques permits the feed- 
ing of a number of SDI016 displays 
each of which is exhibiting completely 
different and independently controlled 
information. In a typical application 10 
displays each presenting 250 characters 
at a rate of 20 frames per second are 
fed from one unit. 

The illustration shows a photograph 
taken from the screen of a_ typical 
display 


EE 38 764 for further details 


V.H.F 
GUIDANCI 


NAVIGATIONAL AND APPROACH 
EQUIPMENT 


(illustrated above right) 


This incorporates the v.h.f. receiver 
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type 6401, plus a navigation unit type 
6402, a glide slope receiver type 6404 
and a marker receiver type 6403. Special 
measures have been taken to ensure the 
maximum accuracy and stability of the 
AD260 ils. system, a feature which 
makes it suitable for use with automatic 
landing systems. 


Navigation Unit Type 6402 

This unit in conjunction with receiver 
type 6401, provides full instrumentation 
outputs for v.o.r. and ils. localizer. It 
is fully transistorized and _ consists 
entirely of sealed modules housed in a 
short 4 ATR case, having a weight of 
only 93 ib. 

Outputs are provided to either a stan- 
dard deviation indicator or for feeding a 
flight director system, in both the 
localizer and manual v.o.r. modes of 
operation. V.O.R. bearing information is 
also provided for a radio magnetic 
indicator. 

The elimination of iron-cored com- 
ponents in the v.o.r. circuits greatly 
improves course stability. The resolver 
circuits in the omni-bearing selector 
operate at 400c/s, simplifying the zeroing 
procedure and making the system com- 
patible with most flight director systems. 
An improved form of flag warning 
system not only gives warning of loss of 
any of the tone signals used for localizer 


and v.o.r. operation, but also indicates 
failure of the v.o.r. servo operation or 
loss of the 400c/s power. 


Marker Receiver Type 6403 

The 6403 marker receiver is a fully 
transistorized superheterodyne receiver 
employing sealed module construction. It 
operates at 75Mc/s for the reception of 
i.l.s. marker beacons, airway fan markers 
and Z markers. Both aural and visual 
indications of beacons are given, the 
visual indication being on a three lamp 
unit. A reverse a.g.c. circuit causes the 
lamp to light immediately the signal 
reaches a pre-set level, with a minimum 
of ‘half-on* time. The equipment is 
housed in a dwarf short ATR cast and 
weighs only 3 Ib 


Glide Slope Receiver 6404 

The 6404 receiver is also completely 
transistorized and this, combined with 
the use of sealed module construction 
and improved components. provides 


maximum reliability and _ stability-of- 
course indications for a minimum size 
and weight. It is contained in a short 
4 ATR case and weighs 74 Ib. 


Excellent spurious protection is 
obtained by the use of a double con- 
version superheterodyne circuit. Forty 
paired channels are provided to cover all 
foreseeable airline requirements. 

Particular attention has been paid to 
the design of the indicator circuits to 
provide a high degree of course stability 
and reliable flag alarm operation, so that 
the loss of either the 90c/s or 150c/s 
signal will cause the flag to appear. 
Duplicate deviation outputs can be pro- 
vided for use with automatic landing 
systems. 

The units which comprise the AD260 
are, as stated, completely transistorized, 
and in addition, the navigation unit, the 
marker receiver and the glide slope 
receiver use the new sealed module 
principle of construction. The reliability 
of this fully transistorized system will be 
of particular importance in connexion 
with the requirements for automatic 
landing and flare-out systems. 


EE 38 766 for further details 


MEASURING INSTRUMENTS 
(PULLIN) LTD 


Electrin Works, Winchester Street, Acton, 
London, W.3 


PANEL INSTRUMENTS 
(/Ilustrated below) 
Another instrument in the ‘Crystal’ 
range is now available. This is the 24CY 
which, with an outside diameter of 


s 


& 


3°/,.in and a scale length of 2-4in, has 
a viewing distance of approximately 3ft 

Like the larger 38CY version (also 
illustrated) three movements are avail- 
able: moving-coil d.c., moving-coil a.c 
rectifier and moving iron a.c. or d.c. The 
lower section can be coloured to custo- 
mers’ requirements 

The larger 38CY instrument has a 
diameter of 4'*/,, which gives a viewing 
distance of approximately 44ft 


EE 38 767 for further details 


RANK CINTEL LTD 
Worsley — Road, 


Lower Sydenham, 
ondon, S.E.26 

Rank Cintel Limited (a company with 
in the Rank Organization) exhibited this 
year at the Farnborough Air Show for 
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the first time and introduced several new 
equipments making their public debut. 


INFORMATION PRESENTATION SYSTEM 
(Illustrated on page 680) 


The Cintel pilot’s electronic eyelevel 
presentation system (‘Peep’) now in 
active production for the Ministry of 
Aviation, is a radically new method of 
presenting to the pilot, all flight data in 
an easily assimilated form. Information 
is presented to enable the aircraft to be 
flown on course at the correct airspeed 
and the correct height. This information 
is presented to the pilot as if it were part 
of the sky path outside the plane. It is 
always in line with the aircraft’s flight 
path, transparent and most important, 
focused at infinity. 


EE 38 768 for further details 


CENTRAL WARNING SYSTEM 


The Cintel central warning system 
incorporates a tri-colour cathode-ray 
tube, the face of which is divided into 
three equal segments of red, amber and 
green. By the use of transistor electronic 
waveform generation techniques, a 
failure condition is written on the face 
of the tube in the correct colour code 
zone, 


A storage facility is available for the 
amber zone whereby warnings that do 
not require immediate attention, can be 
cancelled and re-shown at a specified time 
cycle until the failure has been rectified. 


_The c.r.t. indicator is approximately 
4in square by 10in long and can be fitted 
into any normal instrument panel. 


EE 38 769 for further details 


W. H. SANDERS 
(ELECTRONICS) LTD 
Gennels Wood Road, Stevenage, Hertfordshire 
BroaD-BAND WAVEGUIDE BOLOMETER 
MOUNTS 


The waveguide 14 mount displayed was 
of a range designed to have maximum 
efficiency over large changes of frequency 
and power level. They make use of the 
Narda N604 Bolometer in waveguide 
sizes 10, 12, and 14 and the N605 in 
waveguide sizes 16 and 18. A useful 
application of these mounts is in reflecto- 
meter measurements under swept fre- 
quency conditions. Here, the absence of 
the need for tuning and the constant 
flow reflection characteristic is used to 
its full advantage. V.S.W.R. is less than 
14:1 over the waveguide frequency range. 


EE 38770 for further details 
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FLEXIBLE WAVEGUIDE 
(Illustrated above) 


The L-band flexible waveguide is an 
extension to the existing range of flexible 
waveguides. This waveguide size 6, covers 
the frequency range 1-12 to 1:70Gc/s. The 
aperture dimensions of the waveguide 
were chosen to ensure that when the 
units are attached directly to rigid wave- 
guide, the resulting voltage standing 
wave ratio is not less than 1-05:1. 

EE 38771 for further details 


SCIAKY ELECTRIC WELDING 
MACHINES LTD 
Falmouth Road (Trading Estate), Slough, 
Buckinghamshire 
ELECTRON BEAM WELDING 

Electron beam welding is a fusion 
welding process, in that the principle is 
to join two or more pieces of metal by 
local melting resulting in coalescence. 
The joint may be produced by the com- 
bination of base metal only, or a filler 
metal may be introduced. 

The heat required is produced by the 
bombardment of the workpiece by a 
dense beam of high velocity electrons. 
The beam is directed on the area to be 
fused and the electrons, upon striking 
the surface of the metal, give up their 
kinetic energy almost completely in the 
form of heat energy. The process is 
carried out in a high vacuum chamber 
and the plant consists of the following 
items: 

(a) A vacuum chamber 

(b) A vacuum pump system 

(c) An electron gun of special design 

(d) A mechanism for remotely mani- 

pulating the electron gun and the 
work table without breaking the 
vacuum 

(e) A high voltage power supply 

(f) An electrical control 

Electron beam welding is suited for 
welding the refractory metals (tungsten, 
molybdenum, columbium, tantalum, etc.) 
and the highly oxidizable metals 
(titanium, beryllium, zirconium, uranium, 
etc.). However, any weldable metal or 
alloy and certain ceramics can be fused 
by means of this process. They can be 
joined without centamination and at a 
cost less than that of inert gas welding. 

The equipment, in addition to welding 
by fusion, may also be utilized for melt- 
ing, grain refining, stress relieving, out 
gassing, cutting, overlaying, metallizing 
and vacuum brazing. It is worth noting 
that a container closed by this method 
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will retain an internal vacuum on removal 
from the chamber. 
EE 38772 for further details 


THE SOLARTRON ELECTRONIC 
GROUP LTD 
Victoria Road, Farnborough, Hampshi 
RADAR SIMULATOR 


(illustrated below) 

Solartron displayed the first commer- 
cially developed fully transistorized radar 
simulator to be demonstrated at an 
S.B.A.C. Display. The Air Ministry have 
chosen this equipment for the radar train- 
ing of R.A.F. and R.N. Traffic Control 
Officers at the Central Navigation and 
Controls School. 

The equipment is basically an accurate 
analogue computer, the outputs being 
processed to enable radar displays to be 
supplied with signals representing re- 
sponses from controllable ‘aircraft’. 
Extensive use of silicon transistors is 





made so that the equipment can operate 
satisfactorily in ambient temperatures of 
up to 45°C without loss of accuracy or 
reliability. 


EE 38773 for further details 


WIDEBAND OSCILLOSCOPE 


The CD1012 is a new d.c. coupled 
wideband oscilloscope, which employs 
advanced circuit techniques and exploits 
all the advantages of the currently avail- 
able valves and cathode-ray tubes. The 
main Y amplifier of 25Mc/s bandwidth 
has a sensitivity range of 50mV/cm to 
20V/cm, using a frequency compensated 
stepped attenuator. A fine gain control 
(approx. 2:1 variation) enables any wave- 
form to be conveniently displayed. 

The built-in a.c. coupled pre-amplifier 
gives additional sensitivities of 5mV/cm 
and 500“V/cm at reduced bandwidths. 
Coaxial cable Y delay enables the lead- 
ing edges of fast pulses to be displayed. 

The time-base covers a range of 
20nsec/cm to 12sec/em which enables the 
oscilloscope to be used for applications 
ranging from fast pulse to low frequency 
servo. The single shot facility, together 
with the 13-5kV on the c.r.t., allows tran- 
sients to be easily photographed. 

Extensive trigger modes with level and 
stability controls enable the oscilloscope 
to give jitter-free displays over a wide 
frequency range. 

Amplitude and velocity measuring 
accuracies are maintained within +5 per 
cent. A built-in calibrator, giving a 1kc/s 
square-wave (amplitude accuracy +3 per 
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EE 38 130 for further details 


All Honeywell Pushbutton and Toggle Switches 
are designed with the user in mind. 

Their positive ‘feel’, positive action 

and ease of labelling make it difficult 

for the user to make mistakes on the panel. 
They offer a long trouble-free life 

with a wide variety of circuitry 

and electrical ratings... 

an outstanding range of precision switches, 
superb ‘human-factors’ engineering. 


t\ pp Series Subminiature 
3 


TL Series Completely Sealed 


+o 

§ 23AT Series Muiti-circuit Toggle 
6 AT400 Series Compact Toggle 
7 
8 


TP Series Rocker Actuated 
Series 2 Lluminated, Modular 


‘oe f-t-jlelal-re 
ice] am el-le)e)i— 
as well as 
panels 


WRITE OR SEND THE COUPON TODAY to 
Honeywell Controls Limited, 
Greenford, Middlesex. Waxlow 2333 


I am interested in using pushbutton or toggle switches for 


sosssesveneesenensseeserece. (State application) Honeywell 
Hi) Fiat inn Mio Quitthen 


Please send me full information 





Sales Offices in the principal towns and cities in the United Kingdom 
and throughout the world. 
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EE 38 131 for further details 


A tape... 


There are many different tapes in the 
scoTcH Brand range of tapes for computers 
and instrumentation. Each one has its 
own characteristics, its own particular 
applications. Some pack the maximum 
information into the minimum space: in 
others, resistance to wear is the dominant 
characteristic. Others, again, will com- 
mend themselves to the designer for quite 
different reasons. 


. TRADE MARK 


..1S a tape... 


(or is it ?) 


But, in any evert, if you specify scoTcH 
Brand Tape you can be sure of getting both 
the characteristics you require, and con- 
sistent performance from each individual 
tape. scotcH Brand specifications are 
rigid, tolerances minute, and each tape 
undergoes over 100 quality control tests 
during manufacture to make sure stan- 
dards are maintained. 

If you are designing or operating data or 


1S atape! 


instrument recording systems, SCcoTCH 
Brand Magnetic Tape offers the widest 
choice and the highest quality. 


SCOTCH Brand Tape Advisory Service 

We welcome enquiries, and the resources of 
our organisation, the largest manufacturers 
of magnetic tape in the world, are un- 
reservedly at your disposal. But to make the 
best use of our unrivalled tape ‘know-how’, 
do, please, approach us as early as possible. 


MAGNETIC 


OTCH TAPE 


FOR COMPUTERS AND INSTRUMENTATION 


MINNESOTA MINING & MANUFACTURING CO. LTD. 
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3M HOUSE, WIGMORE STREET, LONDON, 


W.il 
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cent), can be used to pre-calibrate the 
oscilloscope and for adjusting passive 
probes for optimum response. 

EE 38 774 for further details 


STANDARD TELEPHONES & 
CABLES LTD 
Connaught House, Aldwych, London, 
LIGHTWEIGHT V.H.F. TRANSMITTER- 
RECEIVER 


W.C.2 


(Illustrated below) 

The STR-37 is a_ lightweight, low 
consumption, fully transistorized v.h.f. 
transmitter-receiver. This self-contained 
set is intended for use in a light aircraft 
or for emergency use in larger aircraft. 

The STR-37 has a power output in 
excess of 200mW in the frequency range 
116°0 to 135-95Mc/s, giving 400 switched 
channels at S50kc/s spacing, the crystals 
being contained entirely within the switch 
knobs themselves. 

The addition of one or other of two 
amplifier units gives power outputs of 
either 6 or 25W. This flexibility of design 
allows simple standardization of equip- 
ment over a wide range of aircraft. 


There is a matching, independent radio 
navigation system made up of three 
compact units which, together comprise 
the i.ls./v.o.r. marker receivers and 
instrument drive unit. 

EE 38775 for further details 


LONG BASE-LINE DIRECTION FINDER 


The design of this accurate ground- 


based v.h.f. automatic direction finder 
departs from current long base-line direc- 
tion finder practice in that it uses a 
rapidly rotating aerial system giving a 
true Doppler effect as opposed to the 
simulated Doppler effect used in most 
other long base-line systems. 

The main features are: 

It overcomes the earlier difficulties of 
the rotating-aerial Doppler system. 

Its long base-line gives accuracy, 
largely eliminating the effect of unwanted 
reflections. 

It falls within the maintenance capa- 
bilities and price range of the majority 
of the world’s smaller airports. 

Its aerial site equipment can be 
supplied complete with weather protec- 
tion for all climatic conditions. 

A very accurate electromechanical 
bearing indicator has been designed for 
the system. It has a dead-beat action and 
a response time of only Isec, which is 
fast for this type of indicator and entirely 
adequate for general airfield service. 

EE 38 776 for further details 
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THERMIONIC PRODUCTS 
(ELECTRONICS) LTD 


Hythe, Southampton, Hampshire 


Six CHANNEL RECORDER 
(llustrated below) 

The new series 1V recorder is a tran- 
sistorized equipment designed specifically 
for the smaller air traffic control 
organizations. The equipment consists of 
four basic units: a tape transport deck, 
a record unit, a replay unit and an erase 
unit. 

The tape transport deck consists of a 
precision three motor tape transport in- 
corporating full variable-speed spooling 
facilities when used in the replay “ mode’. 
The tape deck operates at a normal 
record or replay speed of 15-16in/sec 
and provides for the recording of six 
tracks in parallel on }in wide tape. 

Interlaced three channel head blocks 
are used to provide the close spacing 
required. The heads are mounted on a 
precision machined mounting plate pro- 
viding positive alignment under all con- 
ditions. 

A tape driven, time calitrated tacho- 
meter is provided for rapid indexing and 
tracing of recorded material. 

Simple interlocked push-button control 
provides ease of operation and protection 
against tape spill or breakage. The brakes 
of efficient and simple design are solenoid 
operated. 

Standard 84in reels of ‘long play’ tape 
provide eight hours continuous recording 
time with overlap to automatic 
changeover where more than one tape 
deck is used. 

The record unit is transistorized and of 
printed circuit construction. On the front 
panel metering facilities are provided as 
follows: 

Bias level, record level and aural head- 

phone monitoring (head current)—all 

via Six position rotary channel selector 
switch. 

An automatic voice operated stop- 

start is incorporated and an over-ride 

switch is provided for continuous 
recording. 

Contacts are provided for remote opera- 

tion of aural and visual alarms. There 


cove! 


is a test point for the 18V d.c. line. 

The replay unit incorporates two tran- 
sistorized amplifier circuits providing a 
signal-to-noise ratio of better than 40dB 
and full compensation for tape frequency 
characteristics. 

The two amplifier circuits are separately 
switched and provided with individual 
gain controls. Outputs are provided to 
loudspeaker, headphones and 6002 line. 
franscription facilities comprise typist’s 
headset and foot pedal control in- 
corporating run-back. 

EE 38777 for further details 


VACTRIC CONTROL EQUIPMENT 
LTD 
30 Bouverie Street, London, E.C.4 
SuB-MINIATURE RELAYS 

These ‘*‘Ugon’ sub-miniature relays 
have been developed by Le Prototype 
Mechanique of Paris and are now avail- 
able in the U.K. through Vactric Control 
Equipment Ltd. 

The Ugon 3 relay is a sub-miniature 
hermetically sealed electromagnetic com- 
ponent designed to meet aviation, guided 
missiles and telecommunication require- 
ments. Great care has been taken in the 
design to produce a magnetic circuit of 
high efficiency. The moving armature is 
balanced both as regards its mass and 
the magnetic moment acting during 
operation, thus reducing the friction 
forces on its axis. All these features com- 
bine to give a relay of high sensitivity 
with excellent resistance to vibration, 
shock and sustained acceleration. The 
relay measures 10mm in diameter by 
25mm high. 

The construction of the Ugon § relay 
is similar to that of the standard Ugon 
3 but it has a greater resistance to vibra- 
tion and shock though with lower sensi- 
tivity. With the relay energized at 70mW 
it will operate under vibrations of 0 to 
1 000c/s at 80¢ and withstand sinusoidal 
shocks of 150g for 8msec duration. It 
must, however, be pointed out that under 
such conditions the relay must te ener- 
gized on an on-off basis. The number of 
operations will be necessarily more 
limited than that of the Ugon 3. Also the 
ambient temperature must not exceed 
80°C. 

The Ugon 7 relay is again similar in 
construction to the standard Ugon 3, but 
with modifications to give high insula- 
tion resistance. The case dimensions have 
been increased to 11-6mm diameter and 
35mm high. The make contact has been 
brought out at the opposite end of the 
case and thus its insulation resistance 
relative to other elements exceeds 
5x 102. The insulation resistance 
between the other elements remains at 
10'°2 minimum. Sovecial contacts are fitted 
capable of switching currents as low as 
10-"*A. The coil temperature, however, 
must te limited to 50 € 

4 variety of mounting arrangements 1s 
available 


EE 38778 for further details 
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Short News Items 


Corporation and 
Minneapolis-Honeywell Regulator Com- 
pany announce that they have formed a 
joint organization to develop, manufac- 
ture and market inertial guidance systems 
for aircraft and missiles in Europe. The 
organization will be called “Inertial 
Guidance—Europe” and headquarters 
for the joint venture will be established 
in Paris. It will be staffed by representa- 
tives of both companies. Products 
included in the agreement are inertial 
guidance systems, inertial reference 
systems and associated electronic appara- 
tus for both aircraft and missiles. The 
companies will participate jointly in all 
facets of the programme, including 
marketing, development, design, produc- 
tion and field service. 


The second International Flight Test 
Instrument Symposium will be held at 
the College of Aeronautics, Cranfield, on 
16-18 April, 1962. Papers will be pre- 
sented from the United Kingdom, 
Europe and the U.S.A., and as in 1960 
there will be an exhibition of instru- 
mentation equipment. Exact details of 
the conference fee, papers etc. will be 
available later in the year. 


The British Corporation 


has recently taken delivery of two stan- 
dard frequency oscillators from Airmec 


Limited. These will be used to provide 
the crystal-controlled drive for the BBC’s 
long-wave Light Programme transmitter 
at Droitwich, which will then have a 
carrier frequency accurate to well within 
5 parts in 10" per 24 hours. This is 
better than most ‘standard frequency’ 
transmissions and will make Droitwich 
one of the most accurate broadcast trans- 
mitters in operation. This type of oscil- 
lator forms the basis of the most stable 
continuously operating Frequency and 
Time Standard in the world, which has 
been developed by Airmec in conjunction 
with the Radio and Experimental Branch 
of the G.P.O. It employs an Essen ring 
crystal, a type originally designed by Dr. 
Essen of the National Physical Labora- 
tory, in a_ bridge stabilized circuit 
operating at a frequency of 100kc/s. On 
test, the oscillators for the BBC achieved 
an accuracy of 2 parts in 10" per 24 
hours. 


The Public Library at Eccles, Manches- 
ter, has started a collection at Monks 
Hall Museum of obsolete diodes and 
transistors, in order that, when the time 
comes for the history of semiconductors 
to be written, examples may be available 
for examination and study. A number of 
leading manufacturers have already 
supplied obsolete models, and have 
agreed to supplement these with others 
as they become superseded by new 
developments. The Borough Librarian 
will be glad to hear from anyone who 
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may be in a position to add early tran- 
sistors from the initial stages of elec- 
tronic development to the collection, so 
that they may be permanently preserved 
from loss, dispersal or destruction. 
Examples of early circuits, etc., would 
also be welcome as a contribution to 
electronic history. 


The General Electric Company Limited 
of Coventry and Storno-Southern Limited 
of Camberley announce that arrange- 
ments have been made whereby Storno- 
Southern Limited will take over responsi- 
bilities of marketing, servicing and instal- 
ling G.E.C. mobile radio equipment. In 
order to ensure close technical liaison 
and continuity of current commitments, 
certain engineering staff are being trans- 
ferred from the General Electric Com- 
pany Limited to Storno-Southern Limited, 
who have established an office with sales 
and servicing facilities and a spares depot 
at 2 Arbury Avenue, Coventry. (Tel. No. 
Coventry 87521). The General Electric 
Company Limited are continuing to 
manufacture their range of communica- 
tion equipment on a contract basis. 
Storno-Southern Limited are already 
manufacturing a range of high quality 
frequency modulated equipment, and are 
now able to offer G.E.C. amplitude 
modulated equipment for existing users 
of a.m. systems. 


The Department of Scientific and 
Industrial Research has now moved its 
Headquarters to State House, Holborn, 
London W.C.1. Telephone number 
Chancery 1262. 


The Electronic Apparatus Division of 
Associated Electrical Industries Limited, 
has produced a booklet entitled ‘Radar 
and Coastal Navigation in Poor Visi- 
bility’. The publication deals with the 
problems inherent in the several types of 
radar display, and demonstrates how the 
AEI “Escort” radar equipment with 
its various presentations, including the 
*Chart-Plan’ display, overcomes most of 
the difficulties involved. Copies of the 
publication are available on request from 
Associated Electrical Industries Limited, 
Electronic Apparatus Division, Radar 
Sales Department, Blackbird Road, 
Leicester. 


Decca Radar Limited announce the 
addition of three new weather radars to 
their existing series. Two or these new 
equipments, type 42 and 43 operate in 
the 3cm band, and type 44, a 10cm radar 
is the first British S-band equipment 
available primarily as a weather radar. 
Type 42 employs the same aerial and 
display as the well-known type 41, but a 
more powerful transmitter is employed 
resulting in greater penetration and 
improved performance at long range. 
The type 43 has been specially designed 
to provide a range height indicator dis- 
play in addition to the usual 12in p.p.i. 
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presentation. The aerial system has a 
narrow horizontal and vertical beam- 
width and can be rotated continuously at 
any angle of tilt up to 35°, alternatively 
the system will nod through 35° vertical 
angle on any selected bearing. Decca 
type 44 is a high performance weather 
radar which has been produced to form 
a sound basic equipment in the more 
sophisticated type of weather radar 
systems required by certain meteorolo- 
gical authorities to meet their needs, 
especially in those regions where condi- 
tions make 3cm equipment less effective. 
In addition a Remote Automatic Data 
Printer has also been introduced for use 
with the Decca type WF2 windfinding 
radar. This unit prints on an electric 
typewriter the elapsed time, range, 
azimuth and elevation as shown by the 
windfinding radar. 


The Borough Polytechnic is to hold a 
course of twenty-two lectures on ‘ Tran- 
sistors and Allied Devices’, commencing 
on 3 October. The lectures will oe 
devoted to basic principles of design and 
operation of transistors and also deal 
with more advanced circuit design prob- 
lems. The fee for the course is £2 10s. 
and application for admission to the 
course should be made to the Secretary, 
Borough Polytechnic, Borough Road, 
London, S.E.1. Applicants should have a 
knowledge of electronics and circuit 
analysis at least up to the standard of 
the Higher National Certificate. A course 
of twenty lectures and a_ twelve-week 
laboratory course on ‘ Pulse Techniques’ 
commencing on 2 October are also being 
held at the Borough Polytechnic. The 
fees are £2 10s. and £1 respectively. 


Three MIDAS flight and maintenance 
recorders manufactured by Royston 
Instruments, Byfleet, Surrey, have been 
ordered by the British Aircraft Corpora- 
tion for use in the VC.10 long-range jet 
airliner. This is the first order for an 
ejector-type recorder which can be re- 
leased from an aircraft in the event of a 
serious emergency. The apparatus can 
record the working of up to 276 vital 
parts in the new airliner. In addition 
to providing a speedy data picture of 
a flight it can pin-point any irregularities 
in the aircraft's operation and so reduce 
lengthy maintenance and overhaul 
work. It is fitted with various recovery 
aids including flotation, a ‘homing’ 
beacon and marker dye. The Strategic 
Air Command is using a similar but non- 
ejectable recorder, on routine operational 
missions. A similar machine is being 
fitted to a DC.8 jet airliner of Trans- 
Canada Airlines and a Britannia turbo- 
prop of British United Airways. A smaller 
version, recording up to 90 parameters, 
has already been recommended for use 
during the flight test phases of the 
B.A.C.s One-Eleven medium-haul jet air- 
liner. 
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Marconi’s Aeronautical Division has 
announced that a substantial order has 
been received from the French Govern- 
ment for their AD2300 series of Doppler 
navigators, together with  specially- 
designed navigation computers. These 
will be installed in the Mirage Iil, the 
French supersonic strike fighter. This 
important export order follows on a 
similar one for Marconi Doppler navi- 
gators and computers for the French 
Mirage IV supersonic bomber. 


Nime passenger ferries, each 210ft 
long with a speed of 15 knots, for service 
on the Bosphorus and Sea of- Marmora, 
are being equipped with v.h.f. radio- 
telephone equipment designed and manu- 
factured by Cossor Communications 
Company Limited, Stanmore, Middlesex. 
The radio telephone equipment, type 
124ME128 will provide for instant selec- 
tion of any channel required for com- 
munication within the 28 channel Inter- 
national Marine Band. They can be used 
for ship communications in connexion 
with Port Operations, Intership working 
and Public Correspondence as required. 
Each equipment consists of a transmitter- 
receiver with built-in power unit, control 
unit and loudspeaker. 


Craven Electronics Limited of Bingley, 
Yorkshire, have received a substantial 
order from Messrs. Richard Thomas and 
Baldwins Limited, for the supply of 
electronic weighing equipment to be in- 
stalled at the Spencer Works, the inte- 


grated iron and steel works and rolling 
mills now under construction at Llan- 


wern, near Newport, Monmouth. The 
order calls for seventeen weighers which 
will weigh materials passing over belt 
conveyors and will transmit the con- 
tinuous weights to remotely placed 
instruments. The conveyors, which are 
up to 48in in width, will carry loads up 
to 900 tons per hour of sinter, coal, coke, 
wet ore, dried and crushed ore and 
limestone. 


The Marconi ‘ Sixty Series’ y.h.f. com- 
munications equipment ADI160 has 
recently undergone tropical flight trials 
conducted by the Ministry of Aviation. 
Installed in a Hastings aircraft, the equip- 
ment was flight tested between the 
United Kingdom and Bahrain, with tests 
at high ambient temperatures carried out 
at Bahrain. Ranges in excess of 130 
nautical miles were constantly obtained 
at an altitude of 10 000ft and the set 
operated satisfactorily throughout the 
test period. This series of equipment has 
already been specified by BOAC as stan- 
dard for their Vickers VC10 aircraft and 
by BEA for their de Havilland Trident. 


The Borough of Hornsey, Middlesex, 
has placed an order with Standard Tele- 
phones and Cables for a STANTEC 
electronic data processing system to take 
over the payroll for its 600 weekly-paid 
employees, the stores records for over 
2000 commodities, council expenditure 
accounting and the billing for the rates. 
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It is intended to use the equipment later 
in a comprehensive rates system which 
will be kept up to date on such facts as 
changes of occupier and variations of 
assessment and allowances. Records of 
payments will also be kept and the com- 
puter will be able to pick out those 
people who have not paid their rates, 
and to print reminders, 7-day notices and 
summonses. The computing system to be 
supplied will consist of a basic STAN- 
TEC computer; fully transistorized, with 
a large main store of 8192 ‘words’, 
paper tape preparation equipment, a 


Creed high speed mosaic printer and a . 


Creed paper tape store with monitor tele- 
printer. 


The new Bristol/Ferranti Bloodhound 
Mark 2 anti-aircraft guided weapons are 
now undergoing trials. In a trial firing 
from the Ministry of Aviation’s guided 
weapons range at Aberporth, Wales, one 
of the missiles intercepted and destroyed 
a fast jet target aircraft which was flying 
at well under 1 000ft. The introduction 
of continuous wave radar guidance and 
other improvements in the Bloodhound 
Mark 2 makes this new missile capable 
of intercepting targets at all altitudes, 
including very low level. Overall respon- 
sibility for the Bloodhound Mark 2 is 
vested in Bristol Aircraft Limited. 
Ferranti Limited is responsible for the 
guidance and control equipment, Bristol 
Siddeley Engines make the Thor ramjet 
engines which power the missile, and 
AEI Limited make the target illuminat- 
ing radar equipment. 


The BBC has brought into operation 
a new Television International Control 
Room at its Television Centre in London, 
which replaces the Continental Control 
Point at Broadcasting House. Positions 
are provided at a curved control desk for 
the Senior Television Engineer, Vision 
Engineer, Presentation Assistant and 
Sound Engineer. Facing the inner side 
of the desk, and remotely controlled 
from it, are six 2lin moulti-standard 
picture monitors, below each of which 
is a visual indication of the source of 
programme. Two 80-line push-putton 
operated telephone exchanges are pro- 
vided on the desk, each shared by two 
of the operational positions. The room 
also contains apparatus bays and the area 
is fully equipped with test apparatus. A 
caption scanner is located beside the 
control desk. The Sound Engineers’ 
position is equipped with three separate 
four-channel mixers using quadrant-type 
faders. At present, the new control room 
can handle the output of fifteen foreign 
commentators at one time, and keep 
them in touch with their own television 
organizations. Eventually it will be able 
to handle at least thirty. Comprehensive 
monitoring by means of headphones, 
loudspeakers and peak programme meters 
is provided. 


The Fédération Nationale des Indus- 
tries Electronique announces that the 
papers read at the International Collo- 
quium on Semiconductors held in Paris 
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in February of this year have now been 
collected and are bound in two volumes. 
The volumes (price 168NF, post free) are 
obtainable from the Société pour la 
Diffusion des Sciences et des Arts at 23 
Rue de Lubeck, Paris 16. 


The General Electric Company Limited 
has been awarded a contract valued at 
$3 million by the Compania Nacional de 
Telefones del Peru to supply the radio 
and multiplexing equipment for a micro- 
wave network linking the towns of 
Arequipa, Lima, Trujillo, Chiclayo and 
Piura in Peru. The network comprising 
ten terminal and fifty-four bothway 
repeater equipments will be the longest 
in South America extending for 1 100 
miles along the Pacific seaboard. A main 
and a protection radio frequency channel 
operating in the 2000Mc/s band will 
be provided on all routes. In the event 
of failure or degradation of the working 
radio channel changeover to the protec- 
tion channel is automatic. Each radio 
channel has a capacity of 240 speech 
channels. 


The Institution of Electrical Engineers 
has appointed Mr. P. D. G. Heneker as 
its first Public Relations Officer with 
effect from 1 September. This appoint- 
ment has been created in recognition of 
the increasing need to present a full and 
accurate picture of the work and achieve- 
ments of the electrical engineering pro- 
fession to the public and it is intended 
that the lines of communication, both 
outwards and inwards, between the 
Council of The Institution and both the 
technological and the lay public shall be 
used to their best advantage by means 
of a more positive public relations policy 
thar has hitherto existed. 


An ‘ATLAS’ electronic digital com- 
puter made by Ferranti Limited has been 
ordered for the National Institute for Re- 
search in Nuclear Science. The computer, 
together with the necessary buildings 
will cost about £34 million. It will be 
installed at the Institute's Rutherford 
High Energy Laboratory, Harwell, 
for common use by the Universities, 
the United Kingdom Atomic Energy 
Authority, Government Departments 
and the N.I.R.N‘S. itself. It should be 
ready for use early in 1964. As in the 
case of the Institute’s other facilities, 
university requirements for use of the 
computer will be judged on their scien- 
tific merits, and when accepted will be 
met without charge to the Universities. 


The BP Tanker Company Limited, 
shipping organization of the British 
Petroleum Company Limited has ordered 
four AEI Escort type 601 marine radar 
equipments from Associated Electrical 
Industries Limited. The equipments in- 
corporate the ‘Chart Plan’ facility, an 
automatic plotting presentation designed 
to assist navigation in crowded waters. 


The Institute of Physics and The 


Physical Society is holding a symposium 
on ‘High Energy Nuclear Physics’ in 
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the Physics Department of Imperial Col- 
lege of Science and Technology on 26 to 
27 March, 1962. Authors of short papers 
who would like to be included in the 
programme should send abstracts of their 
work to Professor C. C. Butler, Physics 
Department, Imperial College, London, 
S.W.7 by 1 January, 1962. Further details 
may be obtained from the Administration 
Assistant of the Institute and Society, 
during December. 1961. 


Associated Electrical Industries Limited 
and Enfield Cables Limited have now 
transferred all their business in paper 
insulated and polythene insulated tele- 
phone cables, and in coaxial and other 
high grade cables for telecommunications 
to Telephone Cables Limited, Chequers 
Lane, Dagenham, Essex. Telephone 
Cables Limited formed in January this 
year and jointly owned by AEI and 
Enfield Cables, is now handling all home 
and export business in this field for both 
companies. 


The evaluation of 7 has now been 
carried a stage further in London by an 
IBM type 7090 computer. In a period of 
some 40 minutes the computer obtained 
a value to 20000 decimal places, the 
same programme being capable without 
modification of extending this value to 
100000 places. The evaluation of 
exponential “e” was carried out to a 
value of 20000 places by the same com- 
puter. 


Radiovisor Parent Limited have 
recently won a contract from the Port 
of New York Authority for the supply 
of photo-electric visibility measuring 
equipment for operation in tunnels in 
the U.S.A. Radiovisor first installed 
similar equipment in the Mersey Tunnel 
in 1934 and have carried out installations 
on the Continent, including the Scheldt 
Tunnel in Belgium. 


Murphy Radio Limited, Welwyn 
Garden City have announced a new 
closed circuit television. This is intended 
to supply simple, compact, versatile and 
inexpensive equipment suitable for a 
very wide variety of industrial and other 
uses. The basic equipment consists of 
camera, power unit and monitor. The 
camera has a one-piece casing, moulded 
in Cellobond fire retardent polyester resin 
reinforced with glass fibre. It measures 
approximately 7+in high by 44in wide 
by 104in deep and weighs only 7lb. The 
camera is designed to use either a single 
lens or a four lens turret. The power unit 
measures approximately 7in by 6in by Sin 
and weighs 8lb. Two standard monitors 
are available, with either a 19in or 23in 
screen. An automatic sensitivity control 
circuit is provided, which enables the 
camera to produce satisfactory picture 
signals without adjustment when the 
scene brightness changes over a range of 
up to 50 to 1. 


The Plessey Company Limited has 
received a contract to install a Remote 
Control and Telemetering installation for 
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the Norwich Division of the Eastern Gas 
Board. The system, which has its control 
centre at Norwich, will cover eight gas- 
holder sites in the Division—Lowestoft, 
Southwold, Beccles, Diss, Halesworth, 
Harleston, Bungay, and Loddon. The 
control equipment at Norwich will be 
capable of extension to a further six out- 
stations in the Division. The installation 
will display at the Norwich control room 
the following functions from each of the 
out-stations; Gasholder Stock, Medium 
Pressure and District Pressure, all with 
high and low alarm indicators. Remote 
control is provided for Booster On/Off, 
Volumetric Governor and Anti-Freeze 
On/Off. The system is based on a tele- 
metering equipment recently introduced 
by Plessey for industrial remote control 
applications. Transistor circuits are used 
throughout the coding and data trans- 
mission equipment. Information is trans- 
mitted in the form of digital code signals 
over G.P.O. line. 


A one-day Conference on “New Elec- 
tronic Techniques in Non-Destructive 
Testing” is being organized by the West 
Midlands Section of the British Institu- 
tion of Radio Engineers. It will be held 
in the Wolverhampton and Staffordshire 
College of Technology on Wednesday, 
6 December 1961. Seven papers contain- 
ing much new material, each dealing 
with a specific practical contribution to 
non-destructive testing will be presented 
and discussed. The following general 
aspects will be dealt with: Eddy Currents; 
Magnetic Flux Leakage; Photo-electrics; 
Ultrasonics; X-rays. Further informa- 
tion and registration forms may be 
obtained from the Honorary Secretary 
of the Section, Major C. W. Weech, 5 
Shelton Fields, The Mount, Shrewsbury. 


The Home Office has placed a further 
order with Cossor Communications Com- 
pany Limited of Stanmore (a member of 
the Cossor Group of Companies) for 
600 of their A.M. Transistorized Motor- 
cycle Transmitter-Receivers. This order 
will bring the total number of Cossor 
Motorcycle equipments in use by Police 
Forces throughout Britain to over 1 300. 


A Conference on “Production Control 
as a means to Higher Productivity” or- 
ganized by the Willesden and Hendon 
Productivity Association under _ the 
auspices of the British Production Coun- 
cil will be held at the Headquarters of 
the Federation of British Industries at 
21 Tothill Street, Westminster, S.W.1, on 
22 November 1961. The conference fee 
will be three guineas and requests for 
details and reservations, together with 
remittance, should be sent to D. I. 
Duncan, A.E.I. Switchgear Division, 20 
Neasden Lane, Willesden, N.W.10. 


Correction 

We regret that on pages 606 and 607 
the photographs of the Solartron * A.C. 
Converter Voltmeter’ and the Solartron 
‘Double Beam Oscilloscope Type CT436° 
were transposed. 


MEETINGS THIS 
MONTH 


BRITISH INSTITUTION OF 
RADIO ENGINEERS 


Date: 18 October 

Held at: London School of Hygiene and Tropi- 
cal Medicine, Keppel Street, Gower Street, 
London, W.C.1 

Symposium : Digital Differential Analyser 

By: P. L. Owen, G Rowley, K. 
and M. F. Partridge. 

Electro-Acoustics Group 

Date: 4 October Time: 6 .m 

Held at: London School of Hygiene and Tropi- 
|r peaeeeaae Keppel Street, Gower Street, 

Lecture: Methods used for the Study of Vibra- 
tion in Aero Engines 


By: D ew 
Seuth Wales Section 
Date: 4 October Time: 
Held at: T.W.W. Pontcanna Studios, 
Lecture: The S.E.C.AM Colour 
System 
By: G. B. Townsend. 


Millington 


6.30 p.m 
Cardiff 
Television 


THE INSTITUTION OF 
ELECTRICAL ENGINEERS 


All meetings will be held at Savoy Place, London, 
C.2, commencing at 5.30 p.m., unless other- 
wise stated 
Medical Electronics Discussion 
: 6 October Time: 6 p.m 
Lecture: What is pH and its Measurements? 
By: G. Mattock and G. R. Taylor. 
Utilization Section 
Date: 12 October 
Chairman's Address. 
Lecture: Research in 
Utilization 
By: H. G. Taylor. 
Education Discussioe 
Date: 17 October. Time: 6 p.m 
Lecture: The Place of Digital Computers in the 
a of Electrical Engineers 


Aylett 
Supply Section 
Date: 18 October. 
Chairman's Address 
Lecture: Research and Transmission 
By: J. S. Forrest. 
Measurement and Control Section 

Date: 24 October 
Lecture: The Use of Analogue Computers in 

Predicting the Space-Time Behaviour of Nuclear 


Reactors 
By: R. W. Hockney and T. O. Jeffries 
Ordinary Meeting 

Date: 26 October 

Lecture: A Comparison between Generation and 
Transmission Problems in Great Britain and 
France 

By: P. M. J. Ailleret 


the Field of Electricity 


THE SOCIETY OF INSTRUMENT 
TECHNOLOGY 


Coatrol Section 
Date: 11 October Time: 7 p.m 
Held at: Manson House, 26 Portiand Place, 
London, W.1 
Lecture: Process Control in Paper Mills 
By: H. B. Whitehouse and M. |. MacLaurin 
Date: 19 October Time: 7 p.m 
Admittance by ticket only. 
Lecture: The Thomson Lecture on The Inspira- 
tion of Science 
By: Sir George Thomson 
Data Processing Section 
Date: 25 October. Time: 7 
Held at: Manson House, 26 Portiand. Place, 
London, W.1 
Lecture: Mechanising Factory Ship Floor Form 


Filling 
By: W. H. Baker and P. Huggins 


THE TELEVISION SOCIETY 


Date: 12 October Time 

Held at: Cinematograph Exhibitors’ 
164 Shaftesbury Avenue, 

Lecture: Transistorized Line ea for 405 
and 625 Line Systems. 

By: K. E. Martin 

Date: 26 October Time: 7 p.m 

Held at: Cinematograph Exhibitors’ Association, 
164 Shaftesbury Avenue, W..2 

Lecture: Television From Moscow 

By: W. Ward and L. F. Mathews 


7 p.m 
Association, 
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-for piercing 


ae through Templates, 
WIEDEMANN 


Turret Punch Press 


Piercing through templates, this new Wiedemann model 
gives faster than ever piercing on longer runs. Templates 
are fully protected—the press cannot trip until the 
punch has fully entered the template opening. Rack or 
standard gauges are available if required. 


Punching Pressure ..._ ... 30,000 Ib. 
Throat depth 28” .... 1 HP. Motor 
16, 18 or 20 turret stations 


There’s a Wiedemann Turret Punch Press for every 
short and medium run piercing job. Hand or power — 
15,000 to 160,000 Ib. punching pressure. 


Write for the 


rn J) DOWDING & DOLL LTD 


Brochure. c 346 KENSINGTON HIGH STREET, LONDON, W.14 
- Telephone: WESTERN 8077 (8 lines) Telegrams : ACCURATOOL HAMMER LONDON 
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Une description, basée sur des renseignements fournis par les fabricants, de certains des 
appareils électroniques exposés au dernier salon de la Société des Constructeurs d’Avions 
Britanniques. 


BELLING & LEE LTD 

Great Cambridge Road, Enfield, Middlesex 

FILTRES SUPPRESSEURS DE PARASITES 
(Illustration a la page 676) 

En vertu d’un accord conclu avec la 
Filtron Co. Inc. d’Amérique. la société 
Belling Lee Ltd fabrique une série de 
filtres suppresseurs de parasites créés par 
la firme américaine. Ces filtres porteront 
le nom de filtres “Belling-Lee Filtron”. 
Ils garantissent un degré élevé de tenue 
et de sécurité de fonctionnement. Ils sont 
hermétiquement scellés et conviennent au 
fonctionnement dans une gamme de tem- 
pératures de —55°C & +85°C (certains 
types vont méme jusqu’A +125°C). Leur 
capacité nominale va de 0,15 A jusqu’éa 
300 A, et jusqu’A 18kV c.c. de travail. 

Pour donner une indication de leur 
performance, l’un des plus grands filtres, 
le type BFSR-1205, qui est destiné aux 
applications en chambre blindée, a une 
capacité nominale de 200A _ continus 
pour une alimentation de 250V_ c.a. 
(600 V c.c.), allant de 0 & 400 Hz, et il 
assure une atténuation supérieure a 
100 dB sur la totalité du spectre de fré- 
quences, de 14kHz a 10 GHz. 

Notre illustration donne un apergu de 
la vari¢té de grandeurs disponibles. 


EE 38751 pour plus amples renseignements 


BEME TELECOMMUNICATIONS 
LTD 

24 Upper Brook Street, London, W.1 

RECEPTEUR DE TELEMETRIE 
(Illustration a la page 676) 

Le récepteur X60/RC est un appareil 
hyperfréquences/modulation de fréquence 
enti¢rement transistorisé et piloté par 
quartz, et il a été prévu pour l'utilisation 
dans les travaux de recherches métérolo- 
giques A altitudes élevées. Il fonctionne 
dans la bande de 70 & 80MHz. Sa 
sensibilité est de 5#V et la limite de 
tension se produit 4 10“V. Il est de 
construction modulaire, le module hyper- 
fréquences consistant en deux amplifica- 
teurs hyperfréquences & base commune, 
un oscillateur local piloté par quartz, un 


OCTOBER 1961 (x) ® 


tripleur de fréquences et un étage 
mélangeur. Le module moyenne fré- 
quence a deux étages moyenne fré- 
quence a émetteur commun, un limiteur 
et un discriminateur. La fréquence 
moyenne est de 1,6 MHz et le discrimina- 
teur a ume caractéristique linéaire de 
60 kHz, les points de retournement étant 
supérieurs &4 +80kHz. La largeur de 
bande moyenne fréquence est de 60 kHz 
aux points de 3dB et elle se réduit a 
60dB a +260kHz. La sortie du dis- 
criminateur alimente le module basse 
fréquence qui comprend un amplificateur 
basse fréquence, un ensemble de filtrage 
et cing relais. 

Le systéme utilise cing tonalités dans la 
gamme de fréquences de 3 kHz 4 7 kHz, 
chaque tonalité étant un harmonique de 
400 Hz. Des ordres sont obtenus en 
combinant deux tonalités, quelles qu’elles 
soient, et jusqu’A dix ordres sont dis- 
ponibles sur ce récepteur particulier. 

Le récepteur fonctionne sur 12 V et il 
exige 200mA pour qu'un ordre soit 
opérationnel. 


EE 38 752 pour plus amples renseignements 


BRYANS AEROQUIPMENT LTD 

1 & 15 Willow Lane, Mitcham, Surrey 
MATERIEL DE REPORT DE DONNEES 

L’appareil de report Bryans reléve 
automatiquement des données de co- 
ordonnées X et Y enregistrées sur bandes 
et cartes de type classique a lecteurs 
conventionnels. L’appareil comprend: 


(1) Une table de report de coordonnées 
X et Y. 


(2) Un traducteur de données. 
(3) Un imprimeur de symboles. 


La traducteur de données recoit du 
lecteur une décade d’informations a la 
fois, soit sous forme décimale (dix 
lignes) soit sous forme décimale codée 
binaire (quatre ou cing lignes). Lorsque 
Vinformation d’entrée est décimale, un 
encodeur matriciel 4 diode la convertit 
en information décimale codée binaire 
aux fins d’emmagasinage. 
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Traduction des pages 676 @ 68! 


Le décodage, la distribution, l’emmaga- 
sinage initial et les opérations de con- 
tréle logique sont effectués par des cir- 
cuits a transistors, ce qui évite tout 
délai dans le systéme. La vitesse de fonc- 
tionnement est déterminée par la 
réponse de la table et du lecteur. La 
vitesse de lecture d’entrée est normale- 
ment de 20 caractéres par seconde et la 
vitesse moyenne de report est de 60 par 
minute. 

Durant le fonctionnement, |’informa- 
tion recueillie en série de la bande ou 
de la carte est immédiatement transmise 
aux réservoirs primaires qui la retien- 
nent jusqu’A ce que la table de report 
soit préte a la recevoir. Pendant ce 
temps, le pointeur traite l'information 
précédente. L’achévement d’un point 
symbolique entraine le transfert auto- 
matique en paralléle de la nouvelle in- 
formation, des réservoirs primaires aux 
réservoirs secondaires. Ces réservoirs 
retiennent l'information durant un cycle 
de report et décident des analogies de 
tension correspondant 4 X et Y pour le 
fonctionnement de l’élément a plume sur 
la table. De nouvelles données sont 
recueillies et emmagasinées dans les 
réservoirs primaires aussitét que le 
transfert a été effectué et le cycle se 
répéte jusqu’A ce qu’un signal d’arrét 
soit lu. 

EE 38753 pour plus amples renseignements 


DIAPASON TRANSISTORISE 
(Illustration a la page 676) 


Ce diapason fournit une fréquence de 
référence stable de SOHz et il est par- 
ticulitrement indiqué pour [l'utilisation 
dans des appareils de mesure tachy- 
métriques fonctionnant selon le principe 
stroboscopique, comme signal de réfé- 
rence pour le contréle précis de la vitesse 
de moteurs synchrones de 50Hz ou en- 
core pour lutilisation dans le matériel 
de commande de temps. 

Le principe de fonctionnement est le 
suivant: Un diapason a coefficient de 
température réduit forme un élément 
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résonant dans un amplificateur transis- 
torisé & circuit fermé. L’amplificateur est 
couplé au diapason par une bobine 
magnétique sensible et une bobine 
d’attaque magnétique. 

Les oscillations sont mises en train 
au moyen d'un dispositif d’amorgage et 
maintenues par l'amplificateur 4 tran- 
sistors. Le signal de sortie du diapason 
se présente sous la forme d'une impulsion 
triangulaire étroite émise & chaque cycle 
et pouvant servir a I'excitation directe 
de tubes stroboscopiques ou comme 
signal de synchronisation pour un oscil- 
lateur entrainant un moteur synchrone. 

A 20°C, la fréquence d’oscillation du 
diapason est de 50+ (5 x 10-*) Hz, 
tandis que l’amplitude de l'impulsion dé 
sortie n’est pas inférieure & une tension 
positive de 175 V. 


EE 38 754 pour plus amples renseignements 


COSSOR COMMUNICATIONS CO. 
LTD 


Honeypot Lane, Stanmore, Middlesex 
RECEPTEUR DE POCHE POUR HYPER- 
FREQUENCES 
(Illustration a la page 677) 


Le récepteur de poche pour hyper- 
fréquences & modulation d’amplitude, 
série CCI, est un appareil enti¢rement 
transistorisé congu selon une spécifica- 
tion facultative des Postes britanniques 
et actuellement en cours de mise au 
point finale. Actionné par des batteries 
rechargeables en nickel-cadmium qui 
assurent 15 & 20 heures de fonctionne- 
ment continu, le récepteur série CCI est 
étudié & l’usage des forces de police et 
de la sécurité publique, des services 
d’aéroports, des brigades de pompiers, 
ainsi que pour toutes les applications ot 
un poids et des dimensions réduits con- 
stituent des considérations de la plus 
haute importance. L’antenne de récep- 
tion se trouve a l’intérieur du cAble de 
I'écouteur. La gamme de fréquences du 
récepteur s’étend de 70 & 100 MHz. Sa 
sensibilité est d’environ 3”V, son poids 
approximatif est de 0,42kg; ses dimen- 
sions sont de 16,25 cm x 10,0 cm x 2,5 cm. 


EE 38755 pour plus amples renseignements 


EMETTEUR DE POCHE POUR 
HYPERFREQUENCES 

L’émetteur série CC7 est le pendant 
du récepteur CCI série CCI. La sortie 
de puissance HF est d’environ 100 mW, 
le taux de modulation n’étant pas in- 
férieur & 80%. L’émetteur CC7 est 
enti¢rement transistorisé et il est alimenté 
par des piles séches intérieures A mercure 
assurant 4 4 5 heures de fonctionnement 
continu ou environ 20 heures de fonc- 
tionnement intermittent. L’émission se 
fait normalement par un microphone 
type bouton, épinglé 4 n’importe quel 
point convenable. L’antenne se compose 
d'une longueur réduite de fil isolé. Le 
poids et les dimensions sont pareils a 
ceux de l'appareil série CCI. 


EE 38 756 pour plus amples renseignements 
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COSSOR INSTRUMENTS LTD 
Ceossor House, Highbury Grove, London, N.5 
OSCILLOSCOPE PORTATIF A DOUBLE 

FAISCEAU 


(Illustration a@ la page 677) 


La derniére réalisation dans la gamme 
des oscilloscopes Cossor est le modéle 
2000, qui est un petit instrument portatif 
a double faisceau comprenant une tube 
cathodique de 10,16cm. L’appareil com- 
porte des commandes indépendantes de 
brillance et de concentration pour chaque 
faisceau et 21 gammes de base de temps 
étalonnées sont prévues. La réponse de 
fréquence des deux amplificateurs Y 
identiques va du courant continu a 
5 MHz, supérieurs 4 —3dB. Le temps 
de montée est de 7Ousec et la sensibilité 
étalonnée s‘étend de 100mV/cm a 
100 V/cm, par plots de 1, 3 et 10. Les 
préamplificateurs incorporés augmentent 
les sensibilités de lamplificateur Y a 
ImV/cm, la largeur de bande de 5 Hz 
& 200kHz, ou & 10mV/cm, la largeur 
de bande de 5Hz a 1 MHz. D’autres 
perfectionnements comprennent le bala- 
yage différé, la synchronisation de télé- 
vision incorporée, un séparateur et une 
commande de niveau de déclenchement 
permettant le déclenchement A partir de 
n’importe quel point sur une forme 
d’onde. 

Il existe également le modéle 2100 
pour les utilisateurs exigeant une largeur 
de bande plus étendue et une plus grande 
largeur d’écriture. Cet instrument est 
essentiellement pareil au modéle 2000 
mais les amplificateurs Y ont une largeur 
de bande qui s’étend du courant continu 
& 6 MHz et le tube cathodique fonctionne 
sur 4kV. 


EE 38 757 pour plus amples renseignements 


COSSOR RADAR & ELECTRONICS 
LTD 
The Pinnacles, Harlow, Essex 
LIGNES A RETARD AU QUARTZ 


Les lignes de transmission 4 retard au 
quartz sont des dispositifs 4 ultrasons 
pour Tl’emmagasinage d’informations 
dimpulsions pendant des durées de 3 a 
2500 usec, lorsqu’il s’agit particuliére- 
ment de maintenir l’amplitude d’impul- 
sion et la forme. Les lignes a retard 
de ce type consistent en un polygone 
irrégulier de quartz & jonction par fusion, 
avec trarisducteurs piézoélectriques reliés 
métalliquement & deux facettes sur les 
cétés opposés de son axe de symétriec. 
Lorsque le cristal émetteur est excité 
électriquement, un signal a ultrasons est 
émis dans le quartz et réfléchi intérieure- 
ment un certain nombre de fois avant 
de sortir au récepteur. Le nombre de 
réflexions et, par conséquent, la longueur 
du parcours, peut étre commandé en 
faisant varier la forme de la plaque de 
quartz, taillée de maniére 4 donner le 
meilleur rapport possible de longueur de 
parcours/volume du matériau. La faible 
vitesse de propagation du milieu acous- 
tique et les réflexions intérieures mul- 
tiples du faisceau émis permettent des 
éléments trés compacts et de poids léger, 
dune grande souplesse d’emploi dans 
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des systémes exigeant 1l’emmagasinage 
dynamique de données d’impulsions. Les 
éléments peuvent étre montés dans 
n’importe quelle position, la variation du 
retard par rapport au changement de 
température étant de l’ordre de 70 parties 
par million de degrés centigrade. 


EE 38 758 pour plus amples renseignements 


DECCA RADAR LTD 
Albert Embankment, London, S.E.1 


SYSTEMES D’AFFICHAGE STABILISES 
(Illustration a la page 677) 

Un systéme d’affichage A 99.8% a été 
réalisé avec le prototype d’un systéme 
d’affichage de radar nouveau et com- 
plexe en cours d’essais aux laboratoires 
de la société Decca Radar Limited. Ce 
résultat a été maintenu pendant toute 
la durée des essais du prototype qui 
dépassent déja 10000 heures. Ce degré 
élevé de sécurité de fonctionnement a 
été rendu possible par le développement 
de la technique des circuits 4 transistors. 
Les ingénieurs de Decca ont mis au point 
avec succés une nouvelle technique basée 
sur la “stabilisation en fonction du 
milieu”, en vertu. de laquelle tous les 
circuits et transistors sont maintenus a 
une température intérieure constante a 
0,25°C prés et A un degré d’humidité 
contrélé. A la base de ce progrés, il y 
a un systéme de refroidissement liquide 
assuré par un réfrigérateur intégral et 
un échangeur de chaleur, allié a une 
construction mécanique garantissant une 
excellente isolation thermique. Ce dis- 
positif a pu venir & bout avec succés 
de variations de température ambiante 
de O°C a 45°C, avec une humidité 
relative allant de 10% a 90%. Durant 
les essais de 10000 heures la tension 
secteur a subi une variation de +15% 
mais Il’erreur totale d’affichage était 
constamment inférieure & 0,2% et in- 
férieure & 0,08 pour des mesures de 
courte durée. 

Ce nouveau concept technique rend 
possible l'utilisation sre des transistors 
dans le matériel électronique exigeant 
un niveau trés élevé de performance et 
de stabilité de circuit. Dans la technique 
du traitement des données types et des 
systémes d’affichage pour salles d’opéra- 
tions militaires et civiles, ainsi que sur 
les vaissaux de guerre, il permet une 
réduction de la consommation électrique 
par un facteur d’environ 8. Un avantage 
d’une plus grande importance encore, 
cependant, est le degré trés élevé de 
sécurité de fonctionnement et le mini- 
mum d’entretien nécessaire, en dépit de 
la grande complexité du systtme pour 
répondre & des conditions d'utilisation 
des plus rigoureuses. 

Dans le matériel d’affichage transis- 
torisé expérimental que l'on voit sur 
notre gravure, l’échangeur de chaleur et 
le réfrigérateur sont logés dans les com- 
partiments inférieurs tandis que les cir- 
cuits & transistors montés sur plaquettes 
de circuits imprimés sont logés dans les 
compartiments supérieurs. 

L’equipement d’essai est & 225W et 
il peut actionner deux indicateurs pour 
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un radar de surveillance & longue portée 
du type 4 antenne dos a dos, chacun de 
ces indicateurs ayant deux traces prin- 
cipales, une ligne de relévement et une 
gamme d'interbalayage & commande 
séparée, ainsi que la possibilité d’affichage 
électronique d’informations de _ radio- 


goniométre a oscilloscope cathodique et 
de carte vidéo. Un équipment a tubes 
identique occuperait un bati de 182 cm. 

EE 38 759 pour plus amples renseignements 


THE FAIREY COMPANY LTD 
24 Bruton Street, London, W.1 
REFLECTEURS DE RADAR 
(Illustration a la page 678) 

Le stand principal Fairey se signalait 
en particulier par un certain nombre 
d’appareils d’essais pour l’avion cible a 
haute performance Jindivik. 

Ce matériel comprend les réflecteurs 
microondes Fairey qui augmentent la 
réponse de radar. Un réflecteur de 
25,4 cm fixé sur les 7,82 m d’envergure 
du Jindivik porte les “tops” de l’écran 
de radar d’un avion de chasse A I’attaque, 
ou d'un appareil d’essais d’armes, & une 
puissance égale 4 ceux d’un bombardier 
de 19,8 m d’envergure. 

Les réfiecteurs sont de forme sphérique 
et ils sont en matiére plastique dilatée. 
Ils sont passifs et entiérement autonomes; 
leur durée de vie est illimitée et ils 
n’exigent aucun entretien. Ils sont 
rcouverts d’un revétement mince en 
verre-fibre-résine qui leur assure une 
protection totale dans tous les con- 
ditions atmosphériques. 

En plus de leur utilité sur des avions 
cibles ou sur des cibles remorquées, les 
réflecteurs microondes Fairey comportent 
d’autres applications, dont celle d’ampli- 
fier les échos de radar d’avions civils, 
d’hélicoptéres, de planeurs, de mar- 
queurs de pistes d’atterrissage, de petits 
bateaux, de radeaux de sauvetage, de 
bouées et de balises. 

EE 38 760 pour plus amples renseignements 


FERRANTI LTD 
Hollinwood, Lancashire 
SYSTEME D’ALARME AUDIBLE 
(Illustration @ la page 678) 

Normalement, I’attention du pilote est 
attirée sur tout défaut au moyen de 
signaux lumineux ou par I’éclairage d’un 
cadran indiquant ot se trouve le défaut. 
Maintenant, grace 4 l'utilisation supplé 
mentaire de l’ouie du pilote, on a pu 
alléger la tension imposée & sa vue; un 
avertissement acoustique de tout défaut, 
telle qu’une panne hydraulique ou une 
moindre pression d’huile sont signalés 
par le truchement du casque du pilote. 

L’appareil avertisseur acoustique 
transistorisé comprend un mécanisme 
transporteur de bande magnétique et un 
sélecteur actionné par un moteur de 
tension continue contrélée avec téte de 
transmission. Le sélecteur échantillonne 
de maniére continue les fils de signalisa- 
tion d’entrée de fagon a relier auto- 
matiquement la piste appropriée & un 
amplificateur de réenregistrement. La 
largeur de bande des canaux acoustiques 
est de 300Hz a 2,5 kHz. 
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Les messages d’avertissement sont 
enregistrés sur un circuit fermé de bande 
magnétique mesurant environ 22,2 cm 
de long sur 2,5 cm de large. Cette bande 
de type “sandwich” a 16 pistes, dont 
l'une est pour le contréle du guidage de 
la bande et les autres pour les messages. 
La durée du message peut s’étendre 
jusqu’a 3 secondes, quoiqu’elle puisse 
étre facilement prolongée si nécessaire. 
Le temps d’accés pour un message est 
d’environ 250 m sec. 

Les signaux sont divisés en signaux 
de priorité et signaux ordinaires. 
Les premiers qui ont, bien entendu, le 
pas sur les seconds, sont répétés con- 
tindment, jusqu’Aa ce qu’ils soient annulés 
manuellement par le pilote. Quant aux 
signaux ordinaires, ils se répétent trois 
fois puis ils sont écartés automatique- 
ment. Il n’y a aucune possibilité de 
confusion dans le maintien des com- 
munications avec les stations de sol par 
radiotéléphone car les signaux d’aver- 
tissement peuvent étre superposés aux 
signaux radiophoniques recus. 

L’avertisseur acoustique prototype est 
logé dans un récipient cylindrique her- 
métiquement scellé mesurant 25,4 cm de 
long sur 10,9 cm de diamétre et rempli 
d’un gaz inerte pour le protéger contre 
des conditions ambiantes rigoureuses. 
Son poids est de 2,72 kg environ. (Le 
modéle de série sera vraisemblablement 
de moitié moins long et lourd que le 
prototype). 

Il est propre au fonctionnement dans 
des températures ambiantes s’élevant 
jusqu’A 55°C et tombant jusqu’a —20°C. 
Il est alimenté sur tension continue 
pouvant varier de 20 a 30 V et il est 
toujours silencieux sauf, évidemment, 
lorsqu’un message est signalé. 

EE 38 761 pour plus amples renseignements 


THE GENERAL ELECTRIC CO. LTD 

Magnet House, Kingsway, London, W.C.2 
SYSTEME DE TRANSMISSION DES DONNEES 

Le systétme de transmission des 
données consiste en un chainon de 
données numériques sol/sol et en un 
convertisseur de bord numérique/analo- 
gique. Le chainon de sol est d’un intérét 
particulier en ce qui a trait a l'utilisation 
de trois lignes de terre standard, afin 
atteindre des vitesses élevées d’informa- 
tion allant jusqu’a 3600 bauds. Aprés 
leur conversion dans l'appareil de bord 
de la forme numérique a la forme 
analogique, les instructions a Tl’avion 
peuvent étre soit affichées sur des instru- 
ments appropriés soit couplées directe- 
ment sur le pilote automatique de l’avion. 
L’équipement de sol, aussi bien que celui 
de bord, sont pleinement transistorisés 
et ils ont été étudiés pour un degré élevé 
de sécurité de fonctionnement. 

EE 38 762 pour plus amples renseignements 


MARCONI INSTRUMENTS LTD 
St. Albans, Hertfordshire 
APPAREIL DE MESURE DE PUISSANCE H.F. 
(Illustration a la page 678) 

L’appareil de mesure de puissance HF, 
100 W, type TF 1020A, est un wattmétre 
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d’absorption a lecture directe pouvant 
étre utilisé & toutes les fréquences jusqu’a 
250 MHz. Il est entitrement autonome et 
il a deux gammes de mesure de 50 et 
de 100 W sur la totalité de l’échelle. Du 
courant continu & 100 MHz, la précision 
de mesure est de 5% de I'échelle totale 
et, & 250 MHz, la précision est de 7,5% 
de l’échelle totale. 

L’appareil indique la puissance 
moyenne, quelle que soit la forme 
donde. Par conséquent, la puissance 
contenue dans les harmoniques du 
courant d’entrée est correctement calculée 
avec la fondamentale. De plus, puisque 
l'appareil indique l’augmentation correcte 
de puissance lorsque la modulation 
d’amplitude est appliquée, le coefficient 
de profondeur de modulation peut-étre 
calculé. 

D’autres avantages importants das a 
sa réalisation unique comprennent la 
possibilité de mesurer la sortie de puis- 
sance moyenne d’émetteurs ou de modu- 
lateurs d’impulsions. On peut, en outre, 
étalonner l'instrument avec précision et 
facilité, et le normaliser au courant 
continu ou aux fréquences d’alimentation. 

Il existe également une version a 
grande puissance, a _ refroidissement 
forcé par air, avec gammes de mesure 
de 150 et 350W sur la totalité de 
l’échelle. 


EE 38 763 pour plus amples renseignements 


MARCONPS WIRELESS 
TELEGRAPH CO. LTD 
Chelmsford, Essex 

INDICATEUR TABULAIRE 
(Illustration a@ la page 679) 

Cet appareil constitue la partie d’affi- 
chage d'un équipement indicateur tabu- 
laire complet construit par la société 
Marconi. 

L’indicateur SD1016 est un ensemble 
compact logeant un tube a rayons 
cathodiques rectangulaire de 17,78 cm 
sur 12,7 & image brillante et & haute 
définition, ainsi que ses circuits, c'est a 
dire les amplificateurs de déviation, 
l'amplificateur vidéo et Tlalimentation 
THT. Les sources de signaux et l’alimen- 
tation THT. Les sources de signaux et 
lalimentation HT principale proviennent 
de sources extérieures. 

L'installation d’indication tabulaire 
compléte est étudiée pour utilisation 
dans des systémes de traitement des 
donnees ot l'information provient d'un 
calculateur numérique ou d’un appareil 
de dépouillement. Dans une installation 
type, cette information, aprés traitement 
selon les instructions de programmation, 
et assemblage dans la séquence exacte 
dans le calculateur, est transmise & un 
réservoir intermédiaire dans le bloc de 
commande de I'équipement d’affichage 
tabulaire ot elle est retenue jusqu’A ce 
que des instructions de modification 
soient regues. Les données emmagasinées 
sont balayées en séquence a une vitesse 
déterminée par des circuits de minutage 
et sorties pour commander un dispositif 
électronique générateur de caractéres qui 
livre les formes d’ondes nécessaires & la 
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production de symboles alpha-numéri- 
ques sur l’indicateur SD1016. Etant donné 
que l’équipement est capable d’accepter 
la modification d'un seul caractére sans 
qu’il faille modifier le reste des carac- 
téres, un minimum de charge de calcula- 
teur est donc requis. 

L’image présentée consiste en symboles 
de caractéres alpha-numériques disposés 
en séries de lignes horizontales sur la 
face du tube cathodique. Chaque 
caractére individuel est “écrit” par un 
mouvement continu du spot de faisceau 
électronique 4 travers les intersections 
d'une grille ou matrice a 4 unités sur 
4 unités, de sorte que la lisibilité est 
extrémement bonne. Quatre cents carac- 
teres “écrits” sur V’écran de 17,78 x 
12,7cm sont facilement lisibles & une 
distance de lecture de 60 & 90cm dans 
des conditions normales d’éclairage de 
chambre. Chaque caractére est écrit en 
20 usec. Vu que l’élément central de 
l'équipement complet peut livrer 50000 
caractéres par seconde, I’emploi des 
méthodes de division de temps permet 
d’alimenter un certain nombre d’indica- 
teurs SD 1016, chacun d’eux présentant 
une indication complétement différente 
de l'autre et commandée indépendam- 
ment. Dans une application caractéris- 
tique, 10 indications présentant chacune 
250 caractéres & la vitesse de 20 images 
par seconde, sont alimentées par un seul 
appareil. 

L’illustration montre une photographie 
de l'écran d’un indicateur caractéristique. 


EE 38 764 pour plus amples renseignements 


EQUIPEMENT DE GUIDAGE D’APPROCHE ET 
DE NAVIGATION HYPERFREQUENCES 


(Illustration a la page 679) 


Cet équipment comprend le récepteur 
hyperfréquences type 6401, ainsi qu’un 
appareil de navigation type 6402, un 
récepteur d’atterrissage type 6404 et un 
récepteur d'approche. Des mesures 
spéciales ont été prises pour assurer le 
maximum de précision et de stabilité 
au systéme d'atterrissage indépendant 
AD.260, ce qui le rend propre a l'emploi 
avec des systémes d'atterrissage auto- 
matique. 


Appareil de navigation Type 6402 

Cet appareil, en liaison avec le récep- 
teur type 6401, assure des sorties totales 
d’instrumentation pour localisateur VOR/ 
ILS (systéme d'atterrissage aux instru- 
ments). Ii est enti¢rement transistorisé 
et consiste exclusivement de modules 
scellés logés dans un petit coffret 4 A.T.R. 
ne pesant que 4,5 kg. 

Des sorties sont prévues soit vers un 
indicateur de déviation standard soit 
pour alimenter un systéme de direction 
de vol, tant dans le mode de fonctionne- 
ment par iocalisateur que dans le mode 
manuel V.O.R. Des renseignements de 
relévement V.O.R. sont également fournis 
pour un indicateur radio-magnétique. 

L’élimination de composants a noyau 
de fer dans les circuits V.O.R. améliore 
la stabilité du cours. Les circuits de 
résolution dans le sélecteur omni- 
relévements ffonctionnent A 400 Hz, 


ELECTRONIC ENGINEERING 


simplifiant la procédure de zéro et 
rendant le systeme compatible avec la 
plupart des systémes de direction de vol. 
Un systéme d’avertissement & drapeaux, 
de forme perfectionnée, n’avertit pas 
seulement de toute perte de tonalité 
utilisée pour le fonctionnement du 
localisateur et du V.O.R., mais indique 
également toute panne de servo-fonction- 
nement du V.O.R. ou perte de la puis- 
sance 400 Hz. 


Récepteur de radiobalise Type 6403 


Le récepteur de radiobalise 6403 est 
un récepteur superhétérodyne entiére- 
ment transistorisé construit selon la 
formule dite du module scellé. Il 
fonctionne & 75 MHz pour la réception 
de radiobalises de syst¢mes d’atterrissage 
aux instruments, de radiobornes en 
éventail et de radiobalises Z. I] donne 
des indications de balises visuelles aussi 
bien qu’acoustiques, les premiéres ap- 
paraissant sur un dispositif a trois 
lampes. Un circuit CAG inverse éclaire 
la lampe aussit6ét que le signal atteint 
un niveau préréglé, avec un minimum 
de temps “mi-marche”. L’appareil est 
logé dans un coffret “nain” ATR ne 
pesant que 1,36 kg. 


Récepteur de radioalignement de 
descente Type 6404 

Le récepteur Type 6404 est aussi com- 
plétement transistorisé et cet avantage, 
allié & sa construction 4 module sceilé 
et A ses composants perfectionnés, 
garantit une sécurité de fonctionnement 
et des indications de stabilité de route 
maxima pour un appareil de poids et 
encombrement minimum. II est contenu 
dans un petit coffret 4 ATR et pése 
19 kg. 

Une excellente protection anti-para- 
sites est obtenue par l'utilisation d’un 
circuit hétérodyne 4 double conversion. 
Quarante paires de voies sont prévues 
pour satisfaire 4 toutes les exigences 
prévisibles des compagnies d’aviation. 

Un soin tout particulier a été apporté 
au dessin des circuits d’indicateur afin 
d’assurer un degré élevé de stabilité de 
route, et un fonctionnement sir du dis- 
positif d’alarme, de maniére a ce que la 
perte du signal de 90 Hz ou de 150 Hz 
provogue I’apparition du drapeau. Des 
sorties de déviation double peuvent étre 
prévues pour l'emploi avec les systé¢mes 
d’atterrissage automatique. 


EE 38 766 pour plus amples renseignements 


MEASURING INSTRUMENTS 
(PULLIN) LTD 
Electrin Works, Winchester Street, Acton, 
London, W.3 


INSTRUMENTS DE PANNEAU 
(Illustration a la page 679) 

Il existe maintenant un nouvel instru- 
ment dans la gamme “Crystal”. C’est le 
24CY, dont le diamétre extérieur est de 
8,39 cm, la longueur de l’échelle de 6,29 
em et la distance de vision d’environ 
91 cm. 


Comme pour le modéle plus grand, 
38CY (voir également notre . gravure), 
trois mouvements sont prévus: cadre 
mobile c.c., cadre mobile redresseur c.a. 
et fer mobile c.a. ou c.c. La section 
inférieure peut étre en couleurs suivant 
la demande du client. 

L’instrument plus grand 38CY a un 
diamétre de 12,22 cm, ce qui donne une 
distance de vision d’environ 137 cm. 

EE 38 767 pour plus amples renseignements 


RANK CINTEL LTD 

Worsley Bridge Road, Lower Sydenham, 

London, S.E.26 

La société Rank Cintel Limited (faisant 
partie de l’Organisation Rank) a parti- 
cipé cette année pour la premiére fois a 
l'Exposition Aéronautique de Farn- 
borough oi elle a presenté trois nouveaux 
appareils faisant “leur débuts publics”: 
“PEEP” 

(Illustration a la page 680) 

Le systéme CINTEL de présentation 
électronique au niveau de la vue du 
pilote, actuellement en cours de pro- 
duction active pour le Ministére de 
l’Aviation, constitue une méthode radi- 
calement nouvelle de présentation au 
pilote de toutes les données de vol sous 
une forme aisément assimilable. L’infor- 
mation est présentée pour permettre a 
l'avion de suivre sa course a la vitesse 
propre voulue et a l’altitude voulue. Cette 
information est présentée au _pilote 
comme si elle faisait partie de la route 
du ciel hors de l’'avion. Elle est toujours 
en ligne avec le parcours de vol de 
l’avion, transparente, et, ce qui est le plus 
important, concentrée a l’infini. 

EE 38 768 pour pius amples renseignements 


SYSTEME D’ALERT CENTRAL 

Le systéme central d’alerte Cintel com- 
porte un tube cathodique tricolore dont 
la face est divisée en trois segments égaux 
de couleur rouge, jaune et verte. Grace 
& Vemploi des méthodes de production 
de formes d’ondes électroniques, tout 
défaut ou toute panne est signalée sur 
la face du tube dans la zone de code 
de couleur appropriée. 

Un dispositif a mémoire est prévu 
pour la zone ambrée de maniére a ce que 
les signaux d’avertissement puissent étre 
annulés et reproduits 4 un cycle de temps 
spécifié jusqu’a ce que le défaut ait été 
corrigé. 

L’indicateur cathodique mesure en- 
viron 10,16cm de cété sur 25,4cm de 
long, et il peut étre incorporé 4 n’importe 
quel panneau d'instruments normal. 

EE 38 769 pour plus amples renseignements 


W. H. SANDERS 
(ELECTRONICS) LTD 
Gunnels Wood Road, Stevenage, Hertfordshire 
DISPOSITIFS BOLOMETRIQUES GUIDE 
D'ONDES A LARGE BANDE 
Le dispositif guide d’ondes 14 qu’on 
a pu voir a l'Exposition appartient 4 une 
série étudiée pour conserver le maximum 
defficacité en dépit de changements 
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importants de fréquence et de niveau de 
puissance. Ils utilisent le bolométre 
Narda N604 dans les grandeurs de guides 
d’ondes 10, 12 et 14, ainsi que le bolo- 
métre N605 dans les grandeurs de guides 
d’ondes 16 et 18. Une application utile 
de ces dispositifs réside dans des mesures 
réflectométriques dans les conditions de 
fréquence balayée. Ici l'absence de la 
nécessité d’accord et la caractéristique 
de réflexion de débit constant est utilisée 
4 son plein avantage. Le rapport d’ampli- 
tude de tension d’ondes stationnaires est 
inférieur & 1,4:1 dans la gamme de 
fréquences de guide d’ondes. 

EE 38770 pour plus amples renseignements 


GUIDE D’ONDES SOUPLE 


(Illustration a la page 680) 

Le guide d’ondes souple bande L vient 
compléter la gamme actuelle de guides 
d’ondes souples. Ce guide d’ondes de 
format 6 couvre la gamme de fréquences 
1,12 & 1,70 GHz. Les dimensions d’ouver- 
ture du guide d’ondes ont été choisies 
de maniére a s’assurer que lorsque les 
éléments sont fixés directement a un 
guide d’ondes rigide, le rapport d’ampli- 
tude de tension d’ondes stationnaires qui 
en résulte ne soit pas inférieur 4 1,05: 1. 


EE 38771 pour plus amples renseignements 


SCIAKY ELECTRIC WELDING 


MACHINES LTD 
Falmouth Road (Trading Estate), Slough, 
Buckinghamshire 


SOUDURE AU FAISCEAU ELECTRONIQUE 

La soudure au faisceau électronique 
est un procédé de soudure par fusion 
dont le principe est la jonction de deux 


ou plusieurs piéces de métal par fusion 


locale produisant la coalescence. La 
soudure peut étre produite par la com- 
binaison du seul métal de base, ou un 
métal d’apport peut étre introduit. 

La chaleur nécessaire est produite par 
le bombardement de la piéce sur laquelle 
on travaille par un faisceau trés dense 
d’électrons 4 grande vélocité. Le faisceau 
est dirigé sur la zone devant étre mise 
en fusion et les électrons, en frappant 
la surface du métal, changent leur 
énergie kinétique presque complétement 
en énergie thermique. Le processus 
s’effectue dans une chambre 4a vide élevé 
et I'équipement comprend les éléments 
suivants: 

(a) une chambre a vide 

(b) un systéme de pompe a vide 

(c) un canon électronique de con- 
ception spéciale 

(d) un mécanisme pour la manipu- 
lation & distance du canon élec- 
tronique et de la table de travail 
sans briser le vide 

(e) un bloc d’alimentation a haute 
tension 

(f) une commande électrique. 

La soudure au faisceau électronique 
convient a la soudure des métaux réfrac- 
taires (tungsténe, molybdéne, columbium, 
tantale, etc) ainsi qu’aux métaux a haute 
oxydation (titanium, béryllium, zirco- 
nium, uranium, etc). Toutefois, tout 
métal ou alliage soudable de méme que 
certaines céramiques peuvent étre mis 
en fusion par ce procédé. Ils peuvent 
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étre soudés sans contamination et Aa un 
coat inférieur a celui de la soudure au 
gaz inerte. 

Ce matériel, en plus de son utilisation 
pour la soudure par fusion, peut étre 
employé également pour la _fonte, 
l’affinage du grain, I’élimination des ten- 
sions internes, le dégagement gazeux, le 
coupage, le matage, la métallisation et 
le brasage au vide. Il faut relever le 
fait qu’un récipient fermé par cette 
méthode gardera un vide intérieur aprés 
son extraction de la chambre. 

EE 38 772 pour plus amples renseignements 


THE SOLARTRON ELECTRONIC 
GROUP LTD 

Victoria Road, Farnborough, Hampshire 

SIMULATEUR RADAR 
(Illustration a la page 680) 

La société Solartron a exposé le pre- 
mier simulateur Radar enti¢rement tran- 
sistorisé réalisé sur ume base com- 
merciale. C’était, aussi, la premiére pré- 
sentation d'un tel équipement a une 
exposition de la société des constructeurs 
d’avions britanniques. Le Ministére de 
lAir l’'a choisi pour linstruction radar 
des officiers de Commande du Trafic 
Aérien de la R.A.F. et de la marine de 
guerre britannique a I’école centrale de 
navigation et de commande. 

Le simulateur est, fondamentalement, 
un calculateur analogique de précision 
dont les données sont traitées de maniére 
& fournir aux indicateurs de radar des 
signaux représentant des réponses 
“d’avions” contrélables. Un usage étendu 
a été fait de transistors au silicium de 
sorte que l'appareil peut fonctionner de 
fagon satisfaisante dans des températures 
ambiantes allant jusqu’A 45°C sans perte 
de précision ou de sécurité de service. 

EE 38773 pour plus amples renseignements 


OSCILLOSCOPE A LARGE BANDE 

L’oscilloscope CD.1012 est un nouveau 
dispositif 4 large bande de tension con- 
tinue, utilisant des techniques de circuit 
avancées et mettant en oeuvre tous les 
avantages des lampes et tubes catho- 
diques actuellement disponibles. Le 
principal amplificateur Y, d'une largeur 
de bande de 25 MHz, a une gamme de 
sensibilités de 50mV/cm a 20 V/cm et 
fait usage d’un atténuateur 4 plots com- 
pensé en fréquence. Une commande de 
gain précis (variation 2:1 environ) 
permet di’afficher aisément n’importe 
quelle forme d’onde. 

Le préamplificateur incorporé de ten- 
sion alternative donne des _ sensibilités 
supplémentaires de SmV/cm et de 
500 uV/icm a des largeurs de bande 
réduites. Le delai Y du cable coaxial 
permet d’afficher les principaux bords 
d’impulsions rapides. 

La base de temps couvre une gamme 
de 20 wsec/cm a 12 sec/cm, ce qui autorise 
l'utilisation de Toscilloscope dans des 
applications allant des impulsions rapides 
aux asservissements basse fréquence. 

Le dispositif & action unique, ainsi que 
les 13,55kV sur le tube cathodique, 
permettent de photographier les phéno- 
ménes transitoires sans difficulté. 
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Des possibilités variées de déclenche- 
ment, de méme que les commandes de 
niveau et de stabilité, permettent a 
loscilloscope de produire des images 
sans vacillements. 

La précision de mesure de l’amplitude 
et de la vitesse est maintenue a +5%, 
prés. Un étalonneur incorporé, donnant 
une onde carrée de 1kHz (précision 
d’amplitude: +3%), peut-étre utilisé pour 
pré-étalonner I’oscilloscope et pour régler 
des sondes passives en vue d'une réponse 
optimum. 

EE 38 774 pour plus amples renseignements 


STANDARD TELEPHONES 
& CABLES LTD 
Connaught House, Aldwych, London, W.C.2 
EMETTEUR-RECEPTEUR POIDS LEGER POUR 
HYPERFREQUENCES 
(Illustration a la page 681) 

L’émetteur-récepteur pour hyperfré- 
quences STR-37 est un appareil poids 
léger entitrement transistorisé et a faible 
consommation électrique. Il est, en outre, 
parfaitement autonome et destiné a 
l'utilisation sur avion léger ou comme 
auxiliaire de secours dans um appareil 
plus grand. 

La puissance de sortie du STR-37 
dépasse 200 mW dans la gamme de fré- 
quences de 116 & 135,95 MHz, donnant 
400 canaux commutés avec un espace- 
ment de 50kHz, les cristaux étant 
entitrement contenus dans les boutons 
de commutateurs. 

En ajoutant un ou deux amplifica- 
teurs, la puissance de sortie est portée a 
6 ou 25 W. Cetter flexibilité de dessin 
permet une simple normalisation du 
matériel dans ume gamme étendue 
d’avions. 

Il y a, enfin, un systéme de radio- 
navigation indépendant d’adaptation, se 
composant de trois éléments compacts 
qui comprennent entre eux les récepteurs 
de radiobalise ILS/VOR (atterrissage aux 
instruments/radiophare VHF omni- 
directionnel) et le bloc d’entrainement 
des appareils. 


EE 38775 pour plus amples renseignements 


RADIOGONIOMETRE A LONGUE LIGNE 
DE BASE 

La conception de ce radiogoniométre 
terrestre automatique VHF de précision 
différe de celle des radiogoniométres a 
longue ligne de base ordinaires, en ce 
qu'il utilise un systéme d’antenne 4 
rotation rapide produisant un effet 
Doppler réel par rapport a l’effet Doppler 
simulé de la plupart des autres systémes 
& longue ligne de base. 

Ces caractéristiques principales sont 

les suivantes: 

Il surmonte les difficultés rencontrées 
précédemment avec le systéme Dop- 
pler 4 antenne rotative. 

Sa longue ligne de base garantit une 
haute précision, éliminant dans une 
grande mesure I'effet de réflexions 
indésirables. 

Il s‘adapte aux possibilités d’entretien 
et A la gamme de prix de la plupart 
des petits aéroports du monde. 
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Il ne nécessite pas un édifice d’aérogare 
conventionnel. 

Son équipement d’antenne peut étre 
fourni complet avec protection anti- 
intempéries pour toutes les condi- 
tions climatériques. 

Un indicateur de gisement électro- 
Magnetique de grande précision a 
&é prévu pour le systéme. Son action 
apériodique et son temps de réponse 
nest que de 1 seconde, ce qui est 
fort rapide pour ce type d’indicateur 
et enti¢rement suffisant pour le ser- 
vice général d’aérodromes. 

EE 38 776 pour plus amples renseignements 


THERMIONIC PRODUCTS 
(ELECTRONICS) LTD 
Hythe, Southarapton, Hampshire 
ENREGISTREUR A SIX CANAUX 
(lilustration a la page 681) 


Ce nouvel enregistreur série IV est un 
appareil transistorisé congu spécifique- 
ment pour les organismes moyens de 
commande du trafic aérien. L’appareil 
se compose de quatre éléments de base: 
un pont portebande magnétique, un 
enregistreur, un appareil de reproduction 
et un élément d’effacement. 

Le pont porte-bande comprend un 
dispositif porte-bande magnétique a trois 
moteurs de précision comprenant toutes 
les possibilités de bobinage a variation 
de vitesse lorsque le pont est employé 
dans le “mode” de reproduction. Le 
pont porte-bande fonctionne a la vitesse 
normale d’enregistrement ou de repro- 
duction, soit 24mmj/sec, et permet 
l'enregistrement de six pistes en paralléle 
sur bande de 0,63cm de large. 

Des blocs de téte a trois voies entre- 
lacées sont utilisés pour assurer I’espace- 
ment étroit nécessaire. Les tétes sont 
montées sur une plaque de montage 
usinée avec précision, donnant un aligne- 
ment positif en toutes circonstances. 

Un tachymétre étalonné en temps et 
actionné par bande est prévu pour faci- 
liter le fonctionnement et protéger contre 
le débordement de la bande ou toute 
casse. Les freins, de construction simple 
et efficace, sont a fonctionnement solé- 
noidal. 


Des rouleaux normaux de bande de 
“longue durée” de 20,9 cm assurent huit 
heures de fonctionnement continu, avec 
recouvrement pour le changement auto- 
matique lorsqu’on emploie plus d’un 
pont portebande magnétique. 

L’élément enregistreur est transistorisé 
et A circuit imprimé. Sur le panneau 
avant, des possibilités de mesure sont 
prévues comme suit: 

Niveau de polarisation, niveau d’en- 
registrement et contréle par casque 
écouteur (courant de téte), le tout 
s’obtenant au moyen d’un sélecteur de 
voies rotatif A six directions. 

Dispositif arrét/marche automatique 
commandé par courants vocaux et 
commutateur de surcharge pour le 
fonctionnement continu. 

Des contacts sont prévus pour la mise 
en action & distance d’alarmes visuelles 
et acoustiques. I] existe, de méme, un 
point de contréle pour la ligne de 
courant continu ‘de 18 volts. 
L’élément de reproduction comprend 

deux circuits amplificateurs transistorisés, 
donnant un _ rapport _ signal/bruit 
supérieur &4 40 dB et pleine compensa- 
tion pour les caractéristiques de fré- 
quence de bande. 

Les deux circuits amplificateurs sont 
branchés séparément et pourvus de com- 
mandes de gain individuelles, Il y a, en 
outre, des sorties vers le haut-parleur, 
le casque et la ligne de 600 ohms. Les 
possibilités de transcription comprennent 
un casque pour dactylo et une com- 
mande a pédale avec mécanisme de 
retour. 

Pour des raisons de sfreté de marche, 
l'appareil lui-méme ne comporte pas 
d’élément d’effacement. L’ensemble 
d’effacement principal est portatif et 
muni de verrouillage approprié. 

EE 38777 pour plus amples renseignements 


VACTRIC CONTROL 
EQUIPMENT LTD 
30 Bouverie Street, London, E.C.4 
RELAIS SUBMINIATURE 
Ces relais subminiature “Ugon” ont 
été réalisés par Le Prototype Mécanique 
de Paris et sont maintenant vendus sur 


le marché britannique par Vactric 
Control Equipment Lid. 

Le relais Ugon 3 est une piéce electro- 
magnétique subminiature, hermétique- 
ment scellee, répondant aux besoins de 
l’aviation, des engins guidés et des télé- 
communications. Un soin extréme a été 
apporté dans la réalisation afin de 
produire un circuit magnétique d’une 
grande efficacité. L’induit mobile est 
équilibré, tant en ce qui concerne sa 
masse que le moment magnétique 
agissant durant le fonctionnement, ré- 
duisant ainsi les forces de friction sur 
son axe. Tous ces avantages en font un 
relais d’une grande sensibilité avec une 
excellente résistance aux vibrations, aux 
chocs et a l’accélération soutenue. Le 
relais mesure 10 mm de diamétre sur 
25 mm de long. 

La construction du relais Ugon 5 est 
semblable a celle du relais classique 
Ugon 3 mais il a une plus grande 
resistance aux vibrations et aux chocs 
quoiqu’avec une sensibilité inférieure. 
Lorsque le relais est excité & 70 mW, 
il fonctionne 4 des vibrations de 0 a 
1000 Hz, a 80 g, et peut résister a des 
chocs sinusoidaux de 150 g pendant une 
durée de 8 msec. Il faut, cependant, 
relever que dans ces conditions le relais 
doit étre excité sur ume base arrét/ 
marche. Le nombre d’opérations sera 
forcément plus limité que celui du Ugon 
3. De plus, la témperature ambiante ne 
doit pas dépasser 80°C. 

Le relais Ugon 7 est toujours de 
construction semblable au___—ireiais 
classique, mais avec quelques modifica- 
tions pour lui donner une résistance 
disolement élevée. Les dimensions du 
boitier ont été portées a 11,6 mm de 
diamétre et & 35 mm de long. Le con- 
tact de travail a été fixé a l’extrémité 
opposée du boitier, de sorte que sa 
résistance d’isolement par rapport a 
d’autres éléments dépasse 5 x 10°*2. La 
résistance d’isolement entre les autres 
éléments reste A un minimum de 10°°. 
Des contacts spéciaux ont été fixés, 
pouvant brancher des courants d'une 
faiblesse de 10-** A. La température de 
bobinage, cependant, doit étre limitée a 
50°C, 
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Résumés des Principaux Articles 


Le tube réservoir électrostatique a grille d’arrét 


par D. J. Gibbons 


Le tube réservoir électrostatique 4 grille d’arrét recoit un signal d’entrée électrique et produit, 
plus tard, un débit électrique 4 un moment prédéterminé. Les caractéristiques du tube sont décrites 


Résumé de I'article 
oux pages 630 d 636 


sous le rapport théorique aussi bien que pratique et un certain nombre de difficultés de réalisation 
sont énumérées. L’ auteur examine en détail les applications pratiques du tube a des problémes tels 


que l’enregistrement d’ informations numériques et analogiques, la conversion de fréquence, le traite- 
ment des données et l’amélioration par intégration du rapport signal/bruit. 
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Convertisseurs améliorés de tension continue de grande puissance par J. R. Nowicki 

Les circuits convertisseurs de tension continue dont traite cet article appartiennant a une catégorie 
de dispositifs possibles pour commander le moment de commutation en diminuant le courant de base. 
La plupart de ces circuits sont a deux transformateurs. Plusieurs autres nouveaux circuits sont 
également deécrits. 

L’article donne, en outre, des détails de la réalisation et du comportement d'un circuit pratique 
pour un circuit convertisseur push-pull de tension continue de grande puissance pouvant fournir une 
puissance de sortie de 10OW. 


Résumé de |’article 
aux pages 637 d 64/ 


L’emploi de pellicules minces pour les mémoires de calculateurs par C. I. Cowan 

Le développement des nouveaux calculateurs numériques a stimulé |’ intérét porté aux dispositifs 
de stockage utilisant des éléments capables d’atteindre des vitesses de commutation plus élevées que 
les éléments toroidaux a ferrite et autorisant une méthode plus simple d’ assemblage en grands réseaux. 
Les pellicules ferromagnétiques minces répondent a ces deux nécessités et offrent des avantages 
supplémentaires. Cet article présente une bréve introduction aux divers aspects du sujet; la préparation 
des films, le mode d'utilisation pratique et théorique ainsi que les possibilités d’employer des pellicules 
pour le stockage. Les systémes a courant coincident et 4 commutation croisée pour actionner une 
matrice sont décrits en détail, et il est demontré que ce dernier est plus pratique quoique présentant 
quelques difficultés quant au choix. 


Résumé de I’ article 
aux pages 642 d 645 


Un fluxmétre électromagnétique tubulé, 4 50 Hz par D. G. Wyatt 

L’étude et la construction d’un fluxmétre électromagnétique tubulé sont décrits dans cet article. 
Cet instrument, prévu pour la mesure du flux sanguin, utilise un champ magnétique a variation 
Résumé de l’article  Simusoldale et peut enregistrer des fréquences de flux allant de0 a 20 Hz. La chute de pression est 
aux pages 650 @ 655 faible et la sensibilité de tension maxima est de 20 »V efficaces sur la totalité de |’ échelle, corres- 
pondant a un flux de 200m1/minute. L’appareil a une stabilité générale élevée tant en ce qui concerne 
la ligne zéro que la sensibilité, et il est insensible aux parasites ordinaires de laboratoire couplés a la 

téte du fluxmétre. 


Le systéme ‘‘d’adresse” et le réservoir d’incrément d’un analyseur différentiel numérique par P. L. Owen, M. F. Partridge 
et T. R. H. Sizer 


Les auteurs décrivent en détail le systéme d’adresse et le réservoir d’incrément d’un analyseur 


différentiel numérique. Ils soulignent le fait que c'est cette partie de l'appareil qui lui donne un 
Résumé de l'article aspect analogique, quoiqu’il soit fondamentalement un calculateur numérique. En dehors de cette 
aux pages 6564 663 = particularité, les principaux points d’intérét sont constitués par l'utilisation d’un panneau de pré- 
affichage en paralléle dans un dispositif séquentiel et l'incorporation aux fiches de certains 

éléments de déclenchement périodique. 


Diviseur de fréquence transistorisé utilisant un oscillateur en paralléle T 4 commutation par F, Butler 

L’article décrit une version transistorisée d'un diviseur de fréquence récemment mis au point en 
U.R.S.S. Le circuit original utilisait des tubes thermioniques dans un circuit oscillateur en paralléle 
T a commutation synchrone, prévu pour le travail a de trés basses fréquences. Le nouveau circuit 
comporte un oscillateur R-C a un seul transistor qui peut étre étudié pour travailler a n’importe 
quelle basse fréquence quoiqu’il soit particuliérement utile a l’extrémité BF du spectre. 


Résumé de I’ article 
aux pages 664 d 665 


Un millivoltmétre électronique alternatif 4 réaction en basse fréquence par R. E. King et B. V. Jayawant 
Un millivoltmétre électronique a lecture efficace est décrit dans cet article. Il a une sensibilité 
Résumé de l'article |= maximum de ImV de déviation totale et il peut mesurer des valeurs dans la gamme des fréquences 
aux pages 6664668 _—infra-acoustiques. Le montage est a réaction positive aussi bien qu’a contre-réaction dans un circuit 
amplificateur, de fagon @ assurer un fonctionnement stable, précis et uniforme. 


Minuteries 4 transistors miniature par P. Mitchell 
Cet article décrit en détail un nouveau circuit de minutage 4 transistors produisant une action 
Résumé de I’article longuement différée. Ce circuit a l’avantage d’assurer une action différée plus longue sans augmenta- 
a la page 669 _— tion de la grandeur physique pour une grandeur donnée de condensateur. Un avantage supplémentaire 
réside dans l'utilisation d’une résistance variable pour la commande de temps variable. 


Une démonstration publique de télévision“en couleurs par P. S, Carnt 


Résumé de I’article Une bréve description est donnée dune démonstration publique de télévision en couleurs récemment 
@ la poge 670 donnée a Londres. L’appareil utilisé est décrit et une mention particuliére est faite des récepteurs 
employés pour le systéme SECAM. 
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Beschreibung einiger auf der Luftfahrtschau des Vereins Britischer Flugzeugkonstrukteure 
(SBAC) gezeigten elektronischen Gerate, die nach Angaben der Hersteller zusammengestellt 


BELLING & LEE LTD 

Great Cambridge Road, Enfield, Middlesex 

FUNK-ENTSTORUNGSFILTER 
(Abbildung Seite 676) 

Belling & Lee Limited stellt unter 
einem Vertrag mit der Filtron Co. Inc., 
Amerika, eine Reihe von Funk-Entsté- 
rungsfiltern her, fiir die die amerikanische 
Firma bahnbrechend war. Sie werden 
unter der Bezeichnung “Belling-Lee 
Filtron”-Filter vertrieben und zeichnen 
sich durch hohe Leistungsfahigkeit und 
Betriebssicherheit aus; sie sind hermetisch 
verschlossen und fiir Betricb im Tem- 
peraturbereich —55°C ... +85°C (einige 
Typen bis +125°C) geeignet. Sie sind 
fiir Nennstréme von 0,15 A bis zu 300 A 
und bis zu 18 kV Gleichspannung 
bemessen. 

Um die Leistungsfahigkeit anzudeuten, 
werden folgende Eigenschaften einer der 
gréssten Typen BFSR-1205 gegeben, die 
fir abgeschirmte Raéume gedacht ist: sie 
ist fiir 200 A Dauerbelastung bei 250 V 
Wechselspannung (600 V Gleichspan- 
nung) 0... 400 Hz bemessen und dimpft 
das gesamte Frequenzspektrum von 
14 kHz... 10 GHz. 

Die Abbildung gibt einen Eindruck 
der lieferbaren Gréssen. 


EE 38 751 fiir weitere Einzelheiten 


BEME TELECOMMUNICATIONS 
LTD 


24 Upper Brook Street, 
FERNMESSUNGSEMPFANGER 
(A bbildung Seite 676) 

Der X60/RC ist ein volitransistorisierter, 
quarzgesteuerter UKW/FM-Steueremp- 
finger, der fiir meteorologische For- 
schungsarbeiten im Héhenflug entwickelt 
wurde. Der Empfinger arbeitet im 70... 
80 MHz-Band; er hat eine Empfindlich- 
keit von 5#V und wird ab 10 “V begrenzt. 
Das in Modulkonstruktion ausgefiihrte 
Gerit hat einen HF-Baustein, der aus 
zwei HF-Verstirkern mit gemeinsamer 
Basis, einem quarzgesteuerten 6rtlichen 
Oszillator, einem Frequenzverdreifacher 
und einer Mischstufe besteht. Der ZF- 


London, W.1 
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wurde. 


Baustein hat zwei ZF-Stufen mit ge- 
meinsamem Emitter, einen Begrenzer 
und Diskriminator. Die Zwischenfrequenz 
ist 1,6 MHz, und der Diskriminator hat 
eine lineare Charakteristik fiir 60 kHz 
mit Umkehrpunkten, die tiber 80 kHz 
liegen. Die ZF-Bandbreite fiir die 3 dB- 
Punkte ist 60 kHz, und die Abschwachung 
bei +260 kHz ist 60 dB. Der Diskrimina- 
torausgang speist den NF-Baustein, der 
aus einem NF-Verstirker, Filternetz- 
werken und fiinf Relais besteht. 

In diesem System werden fiinf Téne 
benutzt, die im 3kHz... 7 kHz-Band 
liegen; jeder Ton ist eine Harmonische 
von 400kHz. Befehle werden durch 
Kombination von zwei beliebigen Ténen 
zusammengestellt, wodurch in diesem 
Empfinger zehn Befehle zur Verfiigung 
stehen. 

Der Empfanger wird mit 12 V betrieben 
und benétigt 120mA, um fiir einen 
Befehl betriebsfahig zu sein. Der Strom- 
verbrauch ohne Relaisbetatigung ist in 
der Gréssenordnung von 100mA. Die 
Abmessungen des Gerites sind klein, und 
es wiegt unter 2,25 kg. 


EE 38 752 fiir weitere Einzelheiten 


BRYANS AEROQUIPMENT LTD 

1 & 15 Willow Lane, Mitcham, Surrey 
DATENDARSTELLUNGSGERAT 

Das Bryans - Datendarstellungsgerat 
trigt mit Hilfe herkémmlicher Abtast- 
gerate die auf Standard Lochstreifen und 
-karten aufgezeichneten X- und Y- 
Koordinatendaten automatisch auf. Das 
Gerat besteht aus 


(1) einem X- 
schreiber, 


(2) einem Datenumsetzer, 
(3) einem Zeichendrucker. 


Der Datenumsetzer nimmt jeweils eine 
Informationsdekade entweder als Dezi- 
malstelle (10 Leitungen) oder binidrver- 
schliisselte Dezimalstelle (4 oder 5 
Leitungen) iiber das Abtastgerit auf. 
Wenn die Eingangsdaten dezimal sind, 
werden sie durch ein Diodenmatrix- 


und Y-Koordinaten- 
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(Ubersetzung der Seiten 676 bis 68!) 


Verschliisselungsgerat in binarverschliis- 
selte Dezimalstellen umgewandelt. 


Die Entschliisselung, Verteilung, An- 
fangsspeicherung und logische Steuerung 
werden in Transistorschaltungen durch- 
gefiihrt, wodurch keine Verzégerung im 
System entsteht. Die Betriebsgeschwindig- 
keit wird durch das Ansprechen des 
Abtast- und des Darstellungsgeriates 
bestimmt. Die Eingabegeschwindigkeit 
ist tiblicherweise 20 Zeichen pro Sekunde 
und die durchschnittliche Auftragege- 
schwindigkeit 60 pro Minute. 

In Betrieb werden die von Lochstreifen 
oder -karten hintereinander abgelesenen 
Daten in einen Hauptspeicher einge- 
schrieben und dort festgehalten, bis das 
Darstellungsgerat aufnahmebereit ist. In 
der Zwischenzeit arbeitet das Darstel- 
lungsgerat an der vorhergehenden 
Information. Mit dem Ausdrucken eines 
Zwischenpunktes wird die neue Informa- 
tion im Parallelbetrieb automatisch vom 
Haupt- zu Hilfsspeichern iibertragen. 
Diese Speicher halten die Information 
wahrend eines Auftragtaktes und bestim- 
men die entsprechenden Spannungs- 
analoge fiir X und Y, die das Schreiber- 
system des Geriates betitigen. Neue Daten 
werden abgefragt und in die Haupt- 
speicher eingeschrieben sowie die Uber- 
tragung beendet ist, und der Arbeitstakt 
wird wiederholt, bis ein Haltsignal 
abgelesen wird. 
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TRANSISTORISIERTE STIMMGABEL 
(Abbildung Seite 676) 

Diese Stimmgabel gibt eine konstante 
Bezugsfrequenz von 50Hz ab und ist 
beSonders fiir Verwendung in Tacho- 
meterpriifern geeignet, die nach dem 
Stroboskopprinzip arbeiten, sowie als 
Bezugssignal zur genauen Geschwindig- 
keitsreglung von 50 Hz-Synchronmotoren 
oder im Einsatz mit Zeitsteuerungs- 
geraten. 

Folgendes Betriebsprinzip wird benutzt: 
eine Stimmgabel mit niedrigem Tempera- 
turbeiwert bildet ein Resonanzelement in 
der geschlossenen Schleife eines Tran- 
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sistorverstirkers. Die Kopplung zwischen 
Verstirker und Stimmgabel besteht aus 
einer magnetischen Abtastspule und 
einer magnetischen Treibspule. 
Schwingungen werden mittels eines 
Anschlagknopfes eingeleitet und danach 
durch den Transistorverstirker aufrechter- 
halten. Das Ausgangssignal der Gabel 
besteht einmal wahrend jeder Schwingung 
aus einem schmalen dreieckigen Impuls 
und ist zum direkten Treiben strobo- 
skopischer R6hren oder als Synchro- 
nisierungssignal fiir einen Oszillator 
geeignet, der einen Synchronmotor treibt. 
Fiir 20°C ist die Frequenz der Stimm- 
gabel 50+(5 x 10-*)Hz mit einer 
Amplitude, die nicht geringer als +175 V 
ist. 
EE 38 754 fiir weitere Einzelheiten 


COSSOR COMMUNICATIONS CoO. 
LTD 

Honeypot Lane, Stanmore, Middlesex 
UKW-TASCHENEMPFANGER 
(Abbildung Seite 677) 
volitransistorisierte UKW/AM- 
Taschenempfanger CCl wurde ent- 
sprechend einem von der  britischen 
Postbehérde zugelassenen Pflichtenblatt 
ausgelegt und ist jetzt im abschliessenden 
Entwicklungsstadium. Mit aufladbaren 
Nickel - Kadmiumbatterien ausgeriistet 
gibt der CCI 15 bis 20 Stunden Dauer- 
betrieb und ist fiir Einsatz bei der 
Polizei, fiir Sicherheitsbeamte, Flugha- 
fendienste, Feuerwehr und alle anderen 
fiir die 
geringes Gewicht und kleine Abmes- 
sungen ausschlaggebend sind. Die Emp- 
fangsantenne ist in die Leitung zum 
Horer eingebaut. Der Frequenzbereich 
liegt von 70 ... 100 MHz, die Empfindlich- 
keit bei ungefahr 3 “V, das Gewicht bei 
420 g, und die Abmessungen sind 16,25 x 
10 X 2,5 cm. 
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Der 


Verwendungszwecke bestimmt, 


UKW-TASCHENSENDER 

Der Taschensender CC7 ist das Gegen- 
stiick zum Empfanger CCl. Die HF- 
Ausgangsleistung ist ungefahr 100mW, 
die Modulationsfahigkeit nicht geringer 
als 80%. Der CC7 ist volltransistorisiert 
und arbeitet mit internen Quecksilber- 
Trockenbatterien, die 5 Stunden Dauer- 
betrieb oder 20 Stunden intermittierenden 
Betrieb zulassen. Besprechung erfolgt 
normalerweise durch ein an geeigneter 
Stelle an der Kleidung befestigtes Knopf- 
mikrofon; die Antenne besteht aus einem 
kurzen isolierten Draht. Gewicht und 
Abmessungen wie Modell CCI. 
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COSSOR INSTRUMENTS LTD 
Cossor House, Highbury Grove, London, N.5 
TRAGBARER ZWEISTRAHL-OSZILLOGRAF 

(Abbildung Seite 677) 
Ein kleines tragbares Zweistrahl-Geriat, 
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Modell 2000, mit 10cm-Elektronen- 
strahlréhre ist das neuste im Cossor- 
Oszillografen-Fertigungsprogramm. 

Fiir jeden Strahl sind unabhangige 
Helligkeits- und Fokusreglung vorgese- 
hen, und 21 geeichte Zeitablenkungs- 
bereiche stehen zur Verfiigung. Der Fre- 
quenzgang der beiden identischen Y- 
Verstarker ist von 0... 5 MHz besser als 
—3dB. Die Anstiegszeit ist 70 us, und 
die gecichte Vertikalablenkung  tiber- 
streicht 100mV/cm bis 100V/cm in 
Stufen von 1, 3 und 10. Eingebaute 
Vorverstirker erhéhen die Empfindlich- 
keit des Y-Verstérkers auf 1 mV/cm bei 
einer Bandbreite von 5 Hz... 200 kHz, 
oder auf 10mV/cm bei einer Bandbreite 
von 5Hz...1MHz. Zeitablenk-Verzé- 
gerung, eingebauter Fernsehgleichlauf, 
Separator und eine Triggerpegelreglung, 
die Triggern von jedem beliebigen Punkt 
der Wellenform erméglicht, sind weitere 
Merkmale. 

Fiir Verwendungszwecke, die gréssere 
Bandbreite und hodhere  Schreibge- 
schwindigkeiten erfordern, ist Modell 
2100 lieferbar. Dieses Gerat entspricht 
im wesentlichen dem Modell 2000, 
jedoch haben die Y-Verstirker eine 
Bandbreite von 0...6MHz, und die 
Elektronenstrahlréhre arbeitet mit 4 kV. 
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COSSOR RADAR & ELECTRONICS 
LTD 
The Pinnacles, Harlow, Essex 
QUARZ-V ERZOGERUNGSLEITUNGEN 
Cossor Quarz - Verzégerungsleitungen 
sind Ultraschallbausteine zur Speicherung 
von Impulsinformation fiir Zeitspannen 
von 3 bis 2500 ws, wenn die Aufrechter- 
haltung der Impulsamplitude und -form 
wichtig ist. Quarzleitungen dieser Art 
bestehen aus einem regellosen Vieleck 
aus geschmolzenem Quarz mit piezo- 
elektrischen Wandlern, die mit zwei 
Flachen an gegeniiberliegenden Seiten der 
Symmetrieachse verbunden sind. Wenn 
das Senderkristall elektrisch erregt wird, 
gibt es ein Ultraschallsignal in den Quarz 
ab, das einige Male intern refiektiert 
wird, bevor es am Empfianger ankommt. 
Die Anzahl der Refiektionen, und damit 
die Weglange, kann durch Anderung der 
Quarzplattenform geregelt werden, die 
fiir ein optimales Verhdltnis der Weglinge 
zum Materialvolumen geschnitten wird. 
Die langsame Fortpflanzungsgeschwindig- 
keit im akustischen Medium und die 
mehrfachen internen Refiektionen des 
ausgesandten Strahles erméglichen die 
Konstruktion sehr kompakter und leichter 
Bausteine, die vielseitige Elemente in 
Systemen bilden, die dynamische Spei- 
cherung von Impulsdaten erfordern. Die 
Bausteine kénnen in jeder Lage einge- 
baut werden, und die Verzégerungs- 
anderung mit Temperaturschwankungen 
ist in der Gréssenordnung von 70 x 
10-*/°C. 
EE 38 758 fiir weitere Einzelheiten 
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DECCA RADAR LTD 
Albert Embankment, London, 5.E.i 
UMGEBUNGSSTABILISIERTE 
ANZEIGESYSTEME 
(Abbildung Seite 677) 


Eine Betriebssicherheit von tiber 99,8 % 
wurde in den Labors der Decca Radar 
Limited mit dem Prototyp eines neuen 
und komplexen Radaranzeigesystems 
erzielt. Diese Leistung wurde tiber die 
Gesamtzeit der Versuche aufrechter- 
halten, die bereits 10000 Stunden tiber- 
schritten hat. Dieser Fortschritt in 
Betriebssicherheit war das Resultat einer 
Neuentwicklung auf dem Gebiet der 
Transistorschaltungen. Decca Ingenieure 
haben mit Erfolg eine neue Technik 
entwickelt, die sich auf “Umgebungs- 
stabilisation” stiitzt und nach der alle 
Schaltungen und Transistoren auf kon- 
stanter interner Temperatur (innerhalb 
0,25°C) und geregelter Feuchtigkeit 
gehalten werden. Die Grundlage fir 
diesen Fortschritt bildet die mit ecinge- 
bautem  Kiihigerit und Wéarmeaus- 
tauscher ausgeriistete Fliissigkeitskiih- 
lung sowie der ausgezeichnete Wir- 
meisolation erzielende mechanische 
Aufbau. Diese Ausfiihrung fiihrte dazu, 
dass Schwankungen der Umgebungs- 
temperatur zwischen 0°C und 45°C bei 
relativer Feuchtigkeit im Bereich von 
10% bis % keinerlei nachteiligen 
Einfluss hatten. Trotz Netzspannungs- 
schwankungen von +15% wihrend des 
10000 stiindigen Versuches war die 
Konstanthaltung so gut, dass der Anzei- 
gefehler wihrend der Priifdauer gleich- 
férmig unter 0.2% und fiir Kurzzeitmes- 
sungen unter 0,08% lag. 

Durch diese neuen Konstruktions- 
prinzipien wird die zuverlaissige Verwen- 
dung von Transistoren in elektronischen 
Geriten miédglich, an die beztiglich 
Leistungsfahigkeit und Schaltungsstabili- 
tat sehr hohe Anspriiche gestellt werden. 
Der Leistungsbedarf typischer Systeme 
fir Datenerfassung und Anzeige fir 
zivile oder militérische Zentralen und 
Marineschiffe kann durch die neue Kon- 
struktion auf ungefaihr 1/8 reduziert 
werden. Wichtiger ist jedoch die sehr 
hohe Betriebssicherheit und geringe War- 
tung, selbst wo durch dusserst strenge 
Betriebsanforderungen sehr komplexe 
und vervollkommnete Anlagen erforder-. 
lich sind. 

In dem abgebildeten transistorisierten 
Versuchs-Anzeigetreibgerat sind Wéar- 
meaustauscher und Kiihlanlage im 
unteren Teil untergebracht, wihrend die 
Transistorschaltungen auf gedruckten 
Schaltungen in den oberen Fichern 
angeordnet sind. 

Die Versuchsanlage nimmt 225 W auf 
und kann zwei Sichtgerite fiir Fern- 
bereich-Rundsichtradar der Kehranten- 
nentype betreiben, die je zwei Haupt- 
spuren, einen getrennt gesteuerten Zwi- 
schenabtastbereich und Peillinien haben 
und fiir elektronische Darstellung der 
Peilung und Video-Karteninformation 
ausgeriistet sind. Die Unterbringung 
eines gleichartigen R&éhrengerates wiirde 
5 Gestelle von 1,83m Hohe erfordern. 
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THE FAIREY COMPANY LTD 
24 Breton Street, London, W.1 
RADAR-REFLEKTOREN 
(Abbildung Seite 678) 

Besondere Erprobungshilfen fiir das 
Hochleistungs - Zielflugzeug Jindivik 
standen im Mittelpunkt der Ausstellung 
auf dem Fairey-Hauptstand. 

Darunter befanden sich die Fairey- 
Mikrowellen-Reflektoren zur Steigerung 
der Radar-Echos. Jindivik mit seiner 
Spannweite von 7,82m, ausgeriistet mit 
einem 25 cm-Refiektor, erhéht die Echo- 
anzeige auf dem Radar-Schirm eines 
angreifenden Jagers oder eines Waffener- 
probungsverbandes so, dass sie dem eines 
Bombers mit 19,80m Spannweite gleich- 
kommt. 

Die Reflektoren sind kugelférmig und 
aus geschiumtem Kunststoff hergestellt. 
Sie sind passiv, véllig in sich geschlossen, 
haben eine unbegrenzte Lebensdauer und 
bendtigen keine Wartung. Sie sind mit 
diinnen Glasfaser-Kunststoffhauten tiber- 
zogen, die unter allen Wetterbedingungen 
volistandigen Schutz geben. 

Ausser ihrer Bedeutung fiir Zielflug- 
zeuge und Schleppziele kénnen die 
Fairey-Mikrowellen-Refiektoren auch zur 
Erhéhung des Radar-Echos von Reise- 
flugzeugen, Hubschraubern, Segelflug- 
zeugen, Start- und Landebahnmarkie- 
rungen, kleinen Booten, Rettungsflissen, 
Baken und Navigationsbaken eingesetzt 
werden. 
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FERRANTI LTD 
Hollinwood, Lancashire 
HORBARES ALARMSYSTEM 
(Abbildung Seite 678) 


Normalerweise werden Stérungsmel- 
dungen durch Blinklichter und Beleuch- 
tung von Skalen mit Anzeige des gestérten 
Systems dem Flugzeugfiihrer zur Kennt- 
nis gebracht. Durch Einbeziehung des 
Gehérs kann jetzt die Sichtbelastung des 
Piloten verringert werden. Eine gespro- 
chene Warnung beziiglich sich ent- 
wickelnder Fehler, wie z.B. Stérungen 
im hydraulischen System oder Fall des 
Oldrucks, werden in den Kopfhérer des 
Flugzeugfiihrers eingespeist. 

Das _ transistorisierte Ton-Alarmgerit 
besteht aus einem Bandtransport und 
Drehschalter, die von einem geregelten 
Gleichstrommotor mit Getriebekopf 
getrieben werden. Der Drehschalter 
tastet kontinuierlich die Eingangssignal- 
leitungen ab, um automatisch die ent- 
sprechende Spur an das Wiedergabegerit 
zu legen. Die Tonkandle haben eine 
Bandbreite von 300 Hz... 2,5 kHz. 

Alarmmitteilungen werden auf endlosen 
Magnettonschleifen aufgezeichnet, die 
ungefahr 228 mm lang und 25,4 mm breit 
sind. Dieses sandwichartige Band hat 16 
Spuren; eine Spur steuert das Schalten, 
und der Rest kann besprochen werden. 
Die Besprechungsdauer jeder Mitteilung 
ist ungefaihs 3s, aber diese Zeitdauer 
kann ndtigenfalls verlingert werden. 
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Zugriffzeit fiir eine Méitteilung ist 
ungefahr 250 ms. 

Signale werden als dringlich bzw. 
gewohnlich bezeichnet. Dringlichkeits- 
signale haben Vorrang iiber gewdhnliche 
und werden laufend wiederholt, bis sie 
vom Piloten manuell geléscht werden; 
die gew6hnlichen Signale werden dreimal 
wiederholt und dann automatisch abge- 
schaltet. Da die Alarmsignale ankom- 
menden Radiosignalen iiberlagert wer- 
den, besteht keine Gefahr, dass die 
Verbindung mit der Bodenstation unter- 
brochen wird. 

Der Prototyp des Ton-Alarmgerites ist 
in einem hermetisch verschlossenen 
zylindrischen Behilter von  ungefihr 
254mm Lange und 110mm Durchmesser 
untergebracht, der als Schutz gegen 
schwere Klimabedingungen mit Edelgas 
gefiillt ist. Das Gewicht ist ungefahr 
2,75 kg (es wird angenommen, dass die 
produktionsreife Ausfiihrung halb so lang 
und schwer sein wird). 

Das Gerat ist fiir Betrieb in Umge- 
bungstemperaturen von 55°C bis zu 
—20°C herunter geeignet. Es wird mit 
Gleichspannung betrieben, die zwischen 
20 und 30 V schwanken kann und kommt 
nur in Betrieb, wenn eine Mitteilung 
signalisiert wird. 
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THE GENERAL ELECTRIC CO. LTD 
Magnet House, Kingsway, London, W.C.2 


DATENUBERTRAGUNGSSYSTEM 
Das Dateniibertragungssystem besteht 


aus einer Boden/Boden-Digitaldatenver- 
bindung und einem Digital-Analog- 
wandler an Bord. Die Bodenverbindung 
ist besonders interessant, da bei Benut- 
zung von drei Landleitungen Informa- 
tionsgeschwindigkeiten bis zu 3600 Baud 
erzielt werden kiénnen. Nach Umwand- 
lung der Digital- in Analoginformation 
im Bordgerit kénnen die Anweisungen 
fiir das Flugzeug entweder auf geeigneten 
Instrumenten angezeigt oder direkt in 
das Selbststeuergerat gekoppelt werden. 
Sowohl Boden- wie auch Bordgerite 
sind volltransistorisiert und fiir hohe 
Betriebssicherheit konstruiert. 
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MARCONI INSTRUMENTS LTD 
St. Albans, Hertfordshire 
HF-LEISTUNGSMESSER 
(Abbildung Seite 678) 


Der 100 W-HF-Leistungsmesser TF 
1020A ist ein direktanzeigendes Absorp- 
tionsgerat fiir alle Frequenzen bis zu 
250 MHz. Es ist ein abgeschlossenes 
Gerat mit zwei Messbereichen fiir 50 W 
und 100W Vollausschlag. Von 0... 
100 MHz ist die Messgenauigkeit 5% des 
Vollausschlages und bis 250 MHz 7,5% 
des Vollausschlages. 

Das Geriat zeigt die mittlere Leistung 
unabhingig von der Wellenform an. 
Daher wird die in den Harmonischen 
des Eingangssignals enthaltene Leistung 
richtig mit der Grundfrequenz summiert; 
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da das Gerat ausserdem bei angewandter 
Amplitudenmodulation den Leistungs- 
zuwachs fehlerfrei anzeigt, kann der 
Modulationsgrad berechnet werden. 

Wichtig ist auch, dass das Gerat dank 
seiner einzigartigen Auslegung zur Mes- 
sung der mittleren Ausgangsleistung von 
Impulssendern oder -modulatoren einge- 
setzt werden kann, dass die Eichung des 
Geriites genau ist, leicht gepriift und 
sowohl bei Gleichstrom als auch Netz- 
frequenzen nachgeeicht werden kann. 

Eine luftgekiihlte Ausfiihrung fiir hohe 
Leistungen mit Messbereichen fiir 150 W 
und 300W Vollausschlag ist auch lie- 
ferbar. 
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MARCONDPS WIRELESS 
TELEGRAPH CO. LTD 
Chelmsford, Essex 
TABELLEN-SICHTGERAT 
(Abbildung Seite 679) 


Dieses Gerat ist der Sichtgeritteil 
einer vollistandigen Tabellen-Anzeigean- 
lage, die von der Marconi Company 
hergestellt wird. 

Das Gerit SD1016 ist ein kompakter 
Zusammenbau einer hochzeiligen, licht- 
starken, rechteckigen 17,8 x 12,7 cm- 
Elektronenstrahlréhre und der zugehéri- 
gen Schaltungen, d.h. der Ablenkver- 
stiarker, des Videoverstaérkers und der 
Hochspannungsversorgung. Die Signal- 
quellen und die Haupthochspannungs- 
versorgung werden externen Quellen 
entnommen. 

Die gesamte Tabellen-Anzeigeanlage 
wurde fiir Verwendung in Datenverar- 
beitungssystemen entwickelt, in denen 
die Information von einem Digitalrechner 
oder -verarbeitungsgerit kommt. In einer 
praktischen Anlage wird die Information 
entsprechend den programmierten Be- 
fehlen vorbereitet, vom Rechner in der 
richtigen Reihenfolge zusammengestellt 
und in den Pufferspeicher des Tabellen- 
Anzeigegeriites eingeschrieben, wo sie 
bis zum Empfang einer Befehlsinderung 
verbleibt. Die gespeicherten Daten 
werden nacheinander mit durch Zeit- 
steuerungsschaltungen bestimmter Ge 
schwindigkeit abgetastet und in den 
Steuerteil des elektronischen Zeichen- 
schreibers gespeist, der die zum Hervor- 
rufen alphanumerischer Zeichen auf dem 
Sichtgerat SD1016 erforderlichen Wellen- 
formen abgibt. Da das Gerit die Ande- 
rung eines einzigen Zeichens ohne 
Beeinflussung der iibrigen Zeichen 
akzeptieren kann, kommt man mit der 
geringsten Rechnerbelastung aus. 

Das gezeigte Bild besteht aus alpha- 
numerischen Zeichen, die in einer Reihe 
waagerechter Linien auf der Bildschirm- 
fliche angeordnet sind. Die einzelnen 
Zeichen werden durch kontinuierliche 
Bewegung des Elektronenstrahlpunktes 
durch die Schnittpunkte eines Rasters aus 
4 Einheiten x 4 Einheiten “geschrieben” 
und sind sehr gut lesbar. 400 Zeichen 
auf der Bildschirmflache von 17,8 x 
12,7cm kénnen bei normaler Zimmer- 
beleuchtung auf 60cm bis 90cm Ent- 
fernung leicht abgelesen werden. Jedes 
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Zeichen wird innerhalb 20 us geschrieben. 
Da der Hauptteil der Gesamtanlage 
50000 Zeichen/Sek. abgeben kann, 
kénnen bei Benutzung zeitanteiligen 
Arbeitens mehrere Sichtgerite SD1016 
gespeist werden, wobei jedes Sichtgerat 
vollig verschiedene und unabhingig 
steuerbare Information darstellt. In einer 
typischen Verwendung zeigen 10 Sicht- 
gerate je 250 Zeichen mit 20 Bildern/Sek. 
an, die von einem Gerat eingespeist 
werden. 

Die Abbildung zeigt eine fotografische 
Aufnahme der Anzeige auf dem Bild- 
schirm eines Sichtgerates. 


EE 38 764 fiir weitere Einzelheiten 


UKW-NAVIGATIONS- UND 
ANFLUGLEITGERAT 


(Abbildung Seite 679) 


Dieses Geriit besteht aus dem UKW- 
Empfanger 6401, einem Navigations- 
gerit 6402, einem Gleitstrahlempfanger 
6404 und einem Markierungsempfanger 
6403. Besondere Vorkehrungen wurden 
getroffen, um Genauigkeit und Konstanz 
des Instrumentenlandesystems AD260 zu 
gewahrleisten und es durch diese Eigen- 
schaften fiir Selbstlandesysteme beson- 
ders geeignet zu machen. 


Navigationsgerdt 6402 

Dieses Gerit gibt zusammen mit dem 
Empfanger 6401 die fiir die gesamte 
Instrumentenausriistung erforderlichen 
Ausgangssignale der VOR-und ISL- 
Landekurssender. Es ist volltransistori- 
siert und besteht aus hermetisch ver- 
schlossenen Bausteinen, die in einem 
kurzen 1/4 ART-Gehiuse untergebracht 
sind; das Gesamtgewicht betrigt nur 
4,35 kg. 

Die Ausgangssignale werden fiir Betrieb 
mit Landekurssendern wie auch fiir 
manuellen VOR-Betrieb entweder in 
einen Standardablenkungsanzeiger oder 
einen Flugregler gespeist. WOR-Kurs- 
information wird auch fiir einen Funk- 
peilanzeiger abgegeben. 

Die Konstanz des Kurses wird durch 
Vermeiden von Bauelementen mit Eisen- 
kern in den VOR-Kreisen wesentlich 
erhéht. Die Auflésungsschaltungen im 
Drehfunkfeuerwihler arbeiten mit 400 
Hz, wodurch die Nullung vereinfacht 
und das System mit den meisten Flug- 
leitsystemen vereinbar wird. Eine ver- 
besserte Ausfiihrung des Fahnenwarn- 
systems gibt nicht nur Warnung, wenn 
jedes beliebige fiir die Drehfunkfeuer 
benutzte Tonsignal verloren geht und 
auch im VOR-Betrieb, sondern warnt 
auch, wenn der VOR-Servo oder die 400 
Hz-Versorgung ausfallen. 


Markierungs-Empfanger 6403 

Der Markierungs-Empfanger 6403 ist 
ein volltransistorisierter Uberlagerungs- 
empfanger in hermetisch verschlossener 
Bausteinkonstruktion. Er arbeitet auf 75 
MHz fiir den Empfang von ILS- 
Markierungsfunkfeuern, Luftstrassen- 
ficherfeuern und Z-Markierungsfunk- 
feuern. Fiir die Funkfeuer ist sowohl 
Hoér- als auch Sichtanzeige vorgesehen, 


OCTOBER 1961 


wobei die Sichtanzeige aus eincm Gerit 
mit drei Lampen bestcht. Eine umge- 
kehrte Schaltung fiir automatische Ver- 
starkungsregelung veranlasst das 
Aufleuchten der Lampe, sowie das Signal 
einen vorgewiahiten Pegel erreicht, wobei 
die “halb an”—Zeit auf das Minimum 
verkiirzt wird. Das Gerit ist in einem 
kurzen Zwerg-ATR-Gehiuse  unter- 


gebracht und wiegt nur 1,4 kg. 


Gleitstrahlempfinger 6404 


Der Empfanger 6404 ist ebenfalls voll- 
transistorisiert und gibt dadurch, sowie 
durch Verwendung hermetisch  ver- 
schlossener Bausteine und verbesserte 
Bauelemente, hichste Betriebssicherheit 
und Kurskonstanz bei kleinsten Abmes- 
sungen und geringstem Gewicht. Er ist 
in ein kurzes 1/4 ATR-Gehduse einge- 
baut und wiegt nur 4,25 kg. 

Durch Verwendung einer Schaltung 
mit doppelter Uberlagerung wird aus- 
gezeichneter Schutz gegen Stédrsignale 
erreicht. 40 gepaarte Kanile decken alle 
voraussehbaren Bediirfnisse der Flug- 
gesellschaften. 

Besondere Sorgfalt wurde der Ent- 
wicklung der Anzeigeschaltungen gewid- 
met, um hochgradige Betriebssicherheit 
und zuverlassiges Arbeiten der Fahnen- 
warnung zu gewihrleisten, so dass die 
Fahne bei Ausfall des 90 Hz- oder des 
150 Hz- Signals erscheint. Bei Verwen- 
dung eines automatischen Landungs- 
systems ist die Abnahme der Ablenkungs- 
signale von Parallelausgingen vorgesehen, 

Wie bereits gesagt sind alle Gerite, 
die das AD260 bilden, volltransistorisiert; 
ausserdem werden fiir das Navigations- 
gerit, den Markierungsempfainger und 
den Gleitstrahlempfanger hermetisch 
verschlossene Bausteine in Baukasten- 
konstruktion ‘benutzt. Die Betriebssicher- 
heit dieses volltransistorisierten Systems 
ist besonders in Verbindung mit den 
Anforderungen automatischer Lande- 
und Aushungersysteme wichtig. 
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MEASURING INSTRUMENTS 
(PULLIN) LTD 
Electrin Works, Winchester Street, Acton, 
London, W.3 


FRONTPLATTENINSTRUMENTE 
(Abbildung Seite 679) 


Ein neues Messgerit ist jetzt in der 
“Crystal”-Bauserie lieferbar, und zwar 
Modell 24CY, das einen Aussendurch- 
messer von 84,1 mm und eine Skalen- 
lange von 61 mm hat und aus ungefahr 
90 cm Entfernung abgelesen werden 
kann. 

Fiir dieses Modell sind genau so wie 
fiir die auch abgebildete gréssere Aus- 
fiihrung 38CY drei Messwerke lieferbar : 
Drehspul fiir Gleichstrom, Drehspul mit 
Gleichrichter fiir Wechselstrom und 
Weicheisen fiir Gleich- oder Wechsel- 
strom. Der untere Abschnitt kann nach 
Kundenwiinschen farbig ausgelegt werden. 

Das gréssere Messgerit 38CY hat 
einen Durchmesser von 122 mm, der eine 
Ableseentfernung von ungefahr 1,37 m 
erlaubt. 
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RANK CINTEL LTD 


Worsley Bridge Road, Lower Sydenham, 
Londos, S8.E.26 


Rank Cintel Limited ist eine Firma 
der Rank-Gruppe, die dieses Jahr zum 
ersten Mal in Farnborough ausstellite 
und drei neue Gerite vorfibrte. 


INFORMATIONS- DARSTELLUNGSSYSTEM 
(Abbildung Seite 680) 

Das elektronische Cintel-Augenhéhen- 
Darstellungssystem fiir Flugzeugfihrer 
(“Peep”) wird fiir das britische Luftfahrt- 
ministerium hergestellt; es ist cine vOdllig 
neue Methode, die dem Flugzeugfihrer 
afle Flugdaten in leicht aufnehmbarer 
Form zeigt. Durch die dargestellte 
Information kann das Flugzeug mit 
richtiger Fahrt und richtiger Héhe auf 
Kurs geflogen werden, Die Information 
wird dem Piloten so gezeigt, dass sie wie 
ein Teil des Himmels ausserhalb der 
Maschine erscheint. Sie ist immer in 
Linie mit dem Flugweg, durchsichtig 
und—was ganz besonders witchtig ist— 
auf unendlich fokussiert. 
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ZENTRALES ALARMSYSTEM 


Das zentrale Alarmsystem der Cintel 
hat eine Dreifarben-Elektronenstrahl- 
réhre, deren Schirm in drei gleiche 
Abschnitte in rot, gelb und griin unter- 
teilt ist. Durch Verwendung einer tran- 
sistorisierten, elektronischen Wellen- 
formgebertechnik wird ein Stérungs- 
zustand in der richtigen Farbcodezone 
des Réhrenschirmes anzeigt. 

Fiir die gelbe Zone ist ein Speicher 
vorgesehen, durch den die Warnungen, 
die nicht sofortige Wartung erfordern, 
geléscht und in vorbestimmten Zeitab- 
stinden wieder gezeigt werden, bis die 
Stérung beseitigt ist. 

Die Abmessungen des Anzeigegerites 
sind ungefaéhr 102 x 102 mm x 254 mm 
tief; es kann in jedes normale Instru- 
mentenbrett eingebaut werden, 
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W. H. SANDERS 
(ELECTRONICS) LTD 
Gunnels Wood Road, Stevenage, Hertfordshire 
BREITBAND-HOHLLEITERFASSUNG FOR 
BOLOMETER 


Die ausgestellte Hohlleiterfassung 14 
stammt aus einem Fertigungsprogramm, 
das fiir maximalen Wirkungsgrad tiber 
einen grossen Frequenz- und Leistungs- 
pegelbereich entwickelt wurde. Fir 
Hohlleitergréssen 10, 12 und 14 wird das 
Narda Bolometer N604, fiir Gréssen 16 
und 18 Type N605 benutzt. Diese 
Fassungen sind fiir Refiektormessungen 
in tiberstrichenen Frequenzbereichen sehr 
niitzlich. Unter diesen Bedingungen 
braucht nicht abgestimmt zu werden, 
und die Reflexionskennlinie bei konstan- 
tem Strom wird bestméglichst ausgenutzt. 
Das Stehwellenverhiltnis liegt fiir den 
gesamten Frequenzbereich des Hohl- 
leiters unter 1,4: 1. 
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FPLexrp_Le HOHLLEITER 
(Abbildung Seite 680) 

Das bestehende Fertigungsprogramm 
wurde durch Einfiihrung eines flexiblen 
Hohlleiters fiir das L-Band erweitert. 
Dieser Hohileiter Grosse 6 ist fiir den 
Frequenzbereich 1,12... 1,70 GHz aus- 
gelegt. Die Abmessungen der Offnung 
wurden so bemessen, dass der Baustein 
direkt an einen starren Hohlleiter ange- 
baut werden kann und das entstehende 
Stehwellenverhdltnis unter 1,05 : 1 liegt. 
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SCIAKY ELECTRIC WELDING 
MACHINES LTD 
Falmouth Road (Trading Estate), Slough; 
Backinghamshire 


ELEKTRONENSTRAHLSCHWEISSUNG 


Elektronenstrahischweissen ist ein 
Schmelzschweissverfahren, da das Prinzip 
der Verbindung zweier oder mehrerer 
Metallstiicke durch Grtliches Schmelzen 
zur Verschmelzung fiihrt. Die Verbin- 
dung kann durch Kombination von nur 
Grundmetall oder mit Hilfe einer Auf- 
schweisslegierung hergestellt werden. 

Die erforderliche Warme wird durch 
Bombardierung des Werkstiickes mit 
einem dichten Elektronenstrahl hoher 
Geschwindigkeit hervorgerufen. Der 
Strahl wird auf die zu verschmelzende 
Fliche gerichtet, und die Elektronen 
geben beim Aufschlagen auf die Ober- 
fliche ihre kinetische Energie fast voll- 
stindig in Form von Wiarmeenergie ab. 
Das Verfahren wird in Hochvakuum- 
kammern durchgefiihrt, und die Anlage 
besteht aus folgenden Teilen: 


(a) eine Vakuumkammer 
(b) ein Vakuumpumpensystem 


(c) eine Elektronenkanone besonderer 
Konstruktion 


(d) eine Fernbedienungsanlage fiir die 
Elektronenkanone und den Arbeits- 
tisch, die das. Vakuum nicht bricht 


(e) eine Hochspannungs-Stromversor- 
gung 
(f) eine elektrische Steuerung 


Elektronenstrahischweissungen sind fiir 
schwerschmelzbare Metalle (Wolfram, 
Molybdin, Kolumbium, Zirkonium, usw.) 
und fiir hochoxydierbare Metalle (Titan, 
Beryllium, Zirkonium, Uran, usw.) 
geeignet. Jedoch kénnen beliebige Metalle, 
Legierungen und auch gewisse kera- 
mische Stoffe mit Hilfe dieses Verfahrens 
geschweisst werden. Sie kénnen ohne 
Verschmutzung miteinander verbunden 
werden, und die Kosten sind geringer als 
bei Schutzgasschweissungen. 

Ausser fiir Schmelzschweissungen kann 
die Anlage auch zum Schmelzen, zur 
Kornverfeinerung, Spannungsentlastung, 
Entgasung, zum Schneiden, Uberziehen, 
Metallisieren und Hartléten im Vakuum 
benutzt werden. Es ist beachtenswert, 
dass in einem nach diesem Verfahren 
verschlossenen Behalter nach Entfernung 
aus der Kammer ein internes Vakuum 
erhalten bleibt. 
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THE SOLARTRON ELECTRONIC 
GROUP LTD 

Victoria Road, Farnborough, Hampshire 

RapDar-UBUNGSGERAT 
(Abbildung Seite 680) 

Solartron zeigte das erste kommerziell 
entwickelte, volltransistorisierte Radar- 
Ubungsgerat, das auf der S.B.A.C.-Luft- 
fahrtschau vorgefiihrt wurde. Das 
britische Luftfahrtministerium hat dieses 
Gerét zur Radar-Schulung der Flug- 
sicherheitsoffiziere der Luftwaffe und 
Flotte in der Zentralen Navigations- und 
Kontrolischule bestellt. 


Grundsitzlich ist das Gerait ein 
genauer Analogrechner, dessen Ausginge 
so behandelt werden, dass Radar- 
Anzeigen mit Signalen versehen werden, 
die Echos von steuerbaren “Flugzeugen” 
entsprechen. Silizium-Transistoren finden 
weitgehend Verwendung, so dass das 
Gerat in Umgebungstemperaturen bis zu 
45°C ohne Verlust an Genauigkeit oder 
Betriebssicherheit arbeiten kann. 
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BREITBAND-OSZILLOGRAF 

Der CD1012 ist ein neuer gleichspan- 
nungsgekoppelter Oszillograf, der die 
neuste Schaltungstechnik benutzt und 
alle Vorteile der z.Z. greifbaren Réhren 
und Oszillografenréhren ausnutzt. Der 
Y-Hauptverstarker hat eine Bandbreite 
von 25 MHz und einen Empfindlich- 
keitsbereich von 50 mV/cm bis zu 20 
V/cm bei Benutzung eines frequenz- 
kompensierten Abschwiachers. Durch 
Feinregelung der Verstarkung (ungefahr 
2:1) kann jede beliebige Wellenform 
bequem dargestellt werden. 


Der eingebaute wechselstromgekop- 
pelte Vorverstirker gibt bei geringerer 
Bandbreite zusitzliche Empfindlichkeit 
von 5 mV/cm und 500 4V/cm. Die 
ansteigenden Flanken kurzer Impulse 
kénnen mit Hilfe einer Koaxialkabel- 
Y-Verzégerung beobachtet werden. 


Die Zeitablenkung iiberstreicht den 
Bereich von 20 ns/cm bis zu 12 s/cm, 
so dass der Oszillograf fiir kurze 
Impulse und auch fiir Servoschaltungen 
niedriger Frequenz eingesetzt werden 
kann. Einmalablenkung und 13,5kV an 
der Bildréhre erlauben einfaches Foto- 
grafieren von Einschwingvorgangen. 


Umfangreiche Triggermethoden mit 
Pegel- und Stabilitaétsregelung geben fiir 
diesen Oszillografen zitterfreie Anzeigen 
liber einen grossen Frequenzbereich. 


Die Genauigkeit der Amplituden- und 
Geschwindigkeitsmessungen liegt inner- 
halb +5%. Ein eingebauter Eichgenera- 
tor gibt eine 1 kHz-Rechteckwelle mit 
+3% Amplitudengenauigkeit ab und 
kann zur Voreichung des Oszillografen 
sowie zur Einregelung passiver Mess- 
képfe fiir optimalen Gang  benutzt 
werden. 
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STANDARD TELEPHONES 
& CABLES LTD 
Connaught House, Aldwych, Londen, W.C.- 
UK W-SENDER-EMPFANGER 
(Abbildung Seite 681) 


Modell STR-37 ist ein leichter, voll- 
transistorisierter UK W-Sender-Empfanger 
mit niedrigem Stromverbrauch. Das 
geschlossene Gerat ist fiir Einsatz in 
Leichtflugzeugen und als Notgerat fiir 
gréssere Flugzeuge gedacht. 


Der STR-37 hat eine 200mW iiber- 
schreitende Ausgangsleistung im Fre- 
quenzbereich von 116,0 MHz bis 135,95 
MHz, in dem 400 umschaltbare Kanile 
mit S5O0kHz Abstand zur Verfiigung 
stehen; die Quarze sind innerhalb der 
Schalter-Bedienungsknépfe untergebracht. 


Zusitzlicher Einsatz eines der beiden 
Verstirker bringt die Ausgangsleistung 
auf 6 oder 25 W. Durch diese konstruk- 
tionsmiassige Anpassungsfahigkeit kénnen 
Gerite fiir eine umfangreiche Flugzeug- 
wahl genormt werden. 


Aus demselben Programm wurde ein 
unabhingiges, zugehériges Radionaviga- 
tionssystem gezeigt, das aus drei kom- 
pakten Bausteinen besteht, die zusammen 
die ILS/VOR Markierungsempfanger 
und das Instrument-Treibgerat darstellen. 
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PEILGERAT MIT LANGER MESSBASIS 

Die Konstruktion dieses genauen, 
automatischen UKW- Bodenpeilgerites 
unterscheidet sich insofern von der 
iiblichen Technik fiir Peilgerite mit 
langer Messbasis, als im Gegensatz zu den 
meisten Peilgeraten mit langer Messbasis, 
die nur einen nachgebildeten Doppler- 
Effekt ergeten, durch Verwendung eines 
schnell rotierenden Antennensystems ein 
wahrer Doppler-Effekt hervorgerufen 
wird. 


Haupteigenschaften sind: 


Es itiberwindet die friiher auftretenden 
Probleme der Drehantennen- 
Doppler-Systeme. 


Seine lange Messbasis gibt grosse 
Genauigkeit und _ schliesst uner- 
wiinschte Reflexion weitgehend aus. 


Die meisten kleinen Flughafen der 
Welt kénnen die Wartung selbst 
durchfiihren und die Anschaffungs- 
kosten aufbringen. 


Es benétigt kein 
Stationsgebiaude. 


herkémmliches 


Die Antennenanlage kann komplett 
mit Wetterschutz fiir alle klima- 
tischen Bedingungen geliefert 
werden. 


Eine sehr genaue Peilanzeige wurde 
fiir das System entwickelt. Sie ist 
aperiodisch und hat eine Ansprech- 
zeit von nur Is, was fiir diese 
Geratetypen schnell und fiir den 
allgemeinen Flughafendienst vdllig 
ausreichend ist. 
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THERMIONIC PRODUCTS 
(ELECTRONICS) LTD 
Hythe, Southampton, Hampshire 
SECHSK ANAL-BANDGERAT 
(Abbildung Seite 681) 

Das neue Bandgeraét Bauserie IV ist 
volitransistorisiert und besonders fiir die 
kleinere Flugsicherungs-Kontrolldienst- 
stelle gedacht. Die Anlage besteht aus 
vier Grundbausteinen: einem Bandlauf- 
werk, einem Aufnahme- und einem 
Wiedergabegerat sowie einem Léschgerat. 

Das Bandlaufwerk besteht aus einem 
3motorigen Prizisionsbandtransport, in 
den fiir Wiedergabebetrieb eine Wickel- 
vorrichtung mit geregelter Drehzahl 
eingebaut ist. Die Aufzeichnungs- und 
Wiedergabegeschwindigkeit des Lauf- 
werks ist normalerweise 2,38 cm/s 
(15/16”/s);_  Parallelaufzeichnung von 
sechs Spuren auf einem 6,35mm (1/4”) 
breiten Magnetband ist vorgesehen. 

Alternierende Dreikanal-Magnetkopf- 
blécke finden Verwendung, um dem 
geringen Spurenabstand Rechnung zu 
tragen. Die Képfe sind auf einer genau 
bearbeiteten Trigerplatte aufgebaut, die 
unter allen Bedingungen zwangslaufige 
Ausrichtung gibt. 

Ein vom Band getriebenes, in Zeit 
geeichtes Tachometer ist zum schnellen 
Registrieren und Aufnehmen  aufge- 
zeichneter Information vorgesehen. 

Einfache, verklinkte Drucktasten geben 
Bedienungskomfort und verhindern Band- 
schleifen sowie Bandbruch. Die wirk- 
samen und einfach konstruierten Bremsen 
werden mittels Magnetspulen betitigt. 

Langspielbinder in Normalspulen von 
21cm Durchmesser geben 8 Stunden 
Betriebszeit mit Uberdeckung fiir auto- 
matisches Umschalten, wenn mehr als 
ein Laufwerk eingesetzt ist. 

Das Aufnahmegerat ist transistorisiert 
und verwendet gedruckte Schaltungen. 
Auf der Frontplatte sind folgende Mess- 
mdglichkeiten vorgesehen: 


Vormagnetisierungspegel, Aufnah- 
mepegel und Kopfhérertiberwachung 
(Magnetkopfstrom), die tber einen 
sechsstufigen Drehschalter eingestellt 
werden kénnen. 


Eine automatische sprachgesteuerte 
Stop-Startvorrichtung und ein Uber- 
steuerungsschalter fiir Dauerbetrieb sind 
eingebaut. 

Kontakte zur Fernsteuerung von Ton- 
und Sichtalarmen sind vorgesehen. Fiir 
die 18 V Gleichspannungsleitung ist ein 
Priifpunkt vorhanden. 

Im Wiedergabegerat sind zwei transi- 
storisierte Verstirkerschaltungen einge- 
baut, die einen Rauschabstand von 40 dB 
haben und fiir den Frequenzgang des 
Magnetbandes voll entzerrt sind. 

Die beiden Verstairker haben getrennte 
Schalter und Verstirkungsregler. Aus- 
ginge stehen fiir Lautsprecher, Kopf- 
hérer und eine 6002-Leitung zur Ver- 
fiigung. Fiir Umschreibung ist ein Kopf- 
hérer und Fusssteuerung mit Riicklauf 
fiir den Maschinenschreiber vorgesehen. 

Als Schutzmassnahme ist keine Lésch- 
vorrichtung in das Gerat eingebaut; 
jedoch ist ein tragbares Grosslischgerit 
lieferbar, das mit geeigneten Schléssern 
ausgeriistet ist. 
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VACTRIC CONTROL 
EQUIPMENT LTD 
30 Bouverie Street, London, E.C.4 
SUBMINIATUR-RELAIS 

“Ugon”-Subminiatur-Relais wurden von 
Le Prototype Mechanique in Paris ent- 
wickelt und werden jetzt in England von 
Vactric Control Equipment Limited 
vertrieben. 

Ugon 3 ist ein hermetisch verschlos- 
senes, elektromagnetisches Subminiatur- 
Relais, das fiir die Anforderungen in 
Luftfahrt, Fernlenkwaffen und Nachrich- 
tenverkehr ausgelegt ist. Besondere 
Sorgfalt wurde der Entwicklung eines 


sehr wirksamen magnetischen Kreises 
gewidmet. Der bewegliche Anker ist 
sowohl in Bezug auf Masse als auch auf 
sein magnetisches Betriebsmoment aus- 
balanziert, so dass die Reibungskrafte 
im Drehpunkt reduziert werden. Die 
Kombination aller dieser Eigenschaften 
ergibt ein hochempfindliches Relais 
mit ausgezeichnetem Widerstand gegen 
Erschiitterungen, Stoss und kontinuier- 
liche Beschleunigung. 

Die Konstruktion des Ugon 5 ist der 
des Standard-Relais Ugon 3 sehr ahnlich; 
jedoch hat es gréssere Stoss- und 
Erschiitterungsfestigkeit, aber niedrigere 
Empfindlichkeit. Mit 70 mW erregt kann 
es bei Schwingungen von 0... 1000 Hz 
und 80g betrieben werden und hilt 
sinusférmige Stésse von 150g fiir 8ms 
aus. Es muss jedoch darauf hingewiesen 
werden, dass unter diesen Umstinden die 
Erregung nach dem “ein-aus”-Prinzip 
erfolgen muss. Auch wird notwendiger- 
weise die Anzahl der Schaltvorginge 
beschrinkter sein als fiir das Ugon 3. 
Die Umgebungstemperatur darf auch 
80°C nicht iibersteigen. 

Das Ugon 7 ist auch konstruktions- 
missig dem Standard-Relais Ugon 3 
ahnlich, ist jedoch fiir hohen Isolations- 
widerstand abgewandelt. Die Gehduse- 
abmessungen wurden auf 11,6 mm Durch- 
messer und 35mm Hodhe heraufgesetzt. 
Der Arbeitskontakt wird am entgegenge- 
setzten Ende des Gehiduses herausge- 
bracht, und im Vergleich zu anderen 
Elementen iibersteigt der Isolations- 
widerstand 5 x 102. Der Isolations- 
widerstand zwischen den anderen 
Elementen bleibt mindestens 10'°2. 
Durch Ausriistung mit Spezialkontakten 
kénnen niedrige Stréme in der Grés- 
senordnung von 10-'*A __ geschaltet 
werden. Die Spulentemperatur darf 
jedoch 50°C nicht tibersteigen. 

Verschiedene Aufbauanordnungen sind 
lieferbar. 
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Zusammenfassung 
der wichtigsten Beitrage 


Die Sperrgitterspeicherréhre 


von D. J. Gibbons 


Die Sperrgitterspeicherréhre nimmt ein elektrisches Eingangssignal auf und gibt nach Ablauf 
einer vorbestimmten Zeit ein Ausgangssignal ab. Die Rdhreneigenschaften werden sowohl von 


Zusammenfassung des 
Beitrages auf Seite 630-636 


durch Integration wird eingehend behandelt. 
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theoretischen als auch praktischen Gesichtspunkten aus besprochen und Konstruktionsbeschrankungen 
aufgezeigt. Der praktische Einsatz der Réhre zur Speicherung von Digitalinformation und von 
Analoginformation zur Frequenzumsetzung, Datenverarbeitung und Gerduschabstandverbesserung 
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Verbesserter Gleichspannungswandler hoher Leistung von J. R. Nowicki 
Die in diesem Beitrag beschriebenen Gleichspannungswandler-Schaltungen gehdren zu einer 
Anordnungsfamilie, in der der Umschaltungszeitpunkt durch Herabsetzung des Basisstromes gesteuert 
Zi fe g des werden kann. Die meisten Schaltungen benutzen zwei Transformatoren. Verschiedene andere neue 
Beitrages auf Seite 637-641 Schaltungsanordnungen werden auch beschrieben. 
Konstruktionseinzelheiten und Leistung einer praktischen Schaltung fiir eine Hochleistungs- 
Gegentakt-Gleichspannungswandlerschaltung, die 100 W abgeben kann, werden angegeben. 





Verwendung diinner Filme fiir Rechnerspeicher von C. I. Cowan 

Die Entwicklung neuer Digitalrechner hat das Interesse fiir Speichersysteme angeregt, deren Elemente 
sich schneller schalten lassen als Ferritringkerne und eine einfachere Zusammenbaumethode fiir 
grosse Einheiten erméglichen. Diinne ferromagnetische Filme entsprechen diesen beiden Forderungen 
Zi fe des und bieten zusdtzliche Vorteile. Dieser Beitrag gibt eine kurze Einfiihrung zu den verschiedenen 
Beitrages auf Seite 642-645 Seiten dieses Themas—Herstellung von Filmen, Arbeitsweise in Theorie und Praxis und die verschie- 
denen Ejinsatzméglichkeiten fiir Film in Speichern. Die Koinzidenzstrom- und Querfeld-Schaltsysteme 
fiir Matrizen werden beschrieben, und danach wird gezeigt, dass das letztere praktischer ist, trotzdem 

Schwierigkeiten auftreten. 





Ein kauiilierter elektromagnetischer Durchflussmesser fiir 50 Hz von D. G. Wyatt 


Entwicklung und Aufbau eines kaniilierten elektromagnetischen Durchflussmessers werden beschrie- 
ben. Das zum Messen des Blutdurchflusses bestimmte Gerat arbeitet mit einem sinusférmig wech- 
Zusammenfossung des selnden 50 Hz—Magnetfeld und kann Durchflussfrequenzen von Null bis 20 Hz aufzeichnen. Der 
Beitroges auf Seite 650-655 Druckabfall ist gering, und die Héchstempfindlichkeit fiir Vollausschlag von 42 Vei, entspricht 
ees einem Durchfluss von 200 mi/min. Das Messgerat hat eine hohe Gesamtkonstanz, sowohl fiir 
Messbasis als auch Empfindlichkeit, und ist gegen die normalen, in den Messkopf gekoppelten 

Laborstérungen unempfindlich. 


Adressensystem und Zuwachsspeicher fiir einen Digital-Differentialanalysator von P. L. Owen, M. F. Partridge und 
T. R. H. Sizer 


Das Adressensystem und der Zuwachsspeicher eines Digital-Differentialanalysators werden 
Zusammenfassung des eingehend beschrieben. Es wird betont, dass dieser Teil der Maschine dem grundsdtzlichen Digital- 
Beitrages auf Seite 656-663 rechner die Analogerscheinung gibt. Abgesehen davon sind Verwendung eines Parallel-Programmier- 
Seldes in einer serienbetriebenen Maschine und Einbau bestimmter Torschaltungselemente in die 

Stecker interessante Hauptpunkte. 


Ein transistorisierter Frequenzteiler mit umschaltbarem Parallel-T-Oszillator von F, Butler 


Der Beitrag beschreibt eine transistorisierte Ausfiihrung eines vor kurzem in der USSR entwickelten 
Frequenzteilers. Die Originalschaltung arbeitete mit Réhren in einem synchron-umgeschalteten 
Parallel-T-Oszillator, der fiir sehr niedrige Frequenzen ausgelegt war. Der in der neuen Schaltung 
Beitrages auf Seite 664-665 vorgesehene RC-Oszillator arbeitet mit einem einzigen Transistor und kann fiir jede beliebige Betriebs- 

e frequenz im Tonbereich ausgelegt werden, hat jedoch im niederfrequenten Ende des Spektrums 
besondere Vorteile. 


Zusammenfassung des 


Ein NF-Réhren-Millivoltmeter mit Riickkopplung von R. E. King und B. V. Jayawant 
Zusemmenfersung des Ein Effektivwerte anzeigendes Réhren-Millivoltmeter mit einer Vollausschlags-Hochstempfindlichkeit 
Beitrages auf Seite Pry 66g von 1 mV wird beschrieben, das fiir Messungen im Unterhérbereich geeignet ist. Die Schaltung benutzt 
& sowohl Mit- als auch Gegenkopplung, um stabilen, genauen und konsistenten Betrieb zu gewGhrleisten. 


Transistorisierter Miniatur-Zeitschalter von P. Mitchell 
Der Beitrag beschreibt eine neue Transistor-Zeitschalteranordnung zur Erzeugung langer 
Zusammenfassung des Verzdgerungszeiten. Die Schaltung hat den Vorteil, fiir eine gegebene Kondensatorengrésse langere 
Beitrages auf Seite 669-67 Verzdégerungszeiten ohne Erhéhung der Abmessungen zu geben. Ein weiterer Vorteil ist die Verwendung 
eines Drehwiderstandes, durch den die Zeitsteuerung variabel gemacht wird. 


Eine 6ffentliche Farbfernseh-V orfiihrung von P. S. Carnt 


ee fassung des Eine éffentliche Farbfernseh-Vorfiihrung, die vor kurzem in London stattfand, wird beschrieben. 
een Die benutzten Gerdte werden erlautert und fiir das SECAM-System verwendete Empfanger eingehender 
Beitrages auf Seite 670 diskutiert 
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3~ ADVANCED DESIGN 
3% HIGH PERFORMANCE 
sk LOW PRICE 


Without a doubt this outstanding new product represents 
a significant advance in British key switching practice. It 
completely outmodes ordinary lever type keys with separate 
lamps. Among its outstanding characteristics are:- 


@ TWIN SILVER CONTACTS 100V at 300mA max. @ LONG LIFE NYLON BODY WITH PRECISION LOCKING TRACK 
@ OFFERED WITH OR WITHOUT TELEPHONE TYPE LAMP @ INSTANT LAMP REPLACEMENT 

@ 2 OR 4 CHANGEOVER ACTIONS @ LOCKING, NON-LOCKING OR INTERLOCKING MODELS AVAILABLE FROM STOCK 
@ PUSH BUTTONS (round or rectangular) in black or white with a choice of five coloured lenses 

@ MULTI-WAY MOUNTING PLATES FOR PANEL OR CHASSIS FIXING SUITABLE FOR ANY CONTROL APPLICATION 
, .. and so competitively priced. For instance the 4 changeover, non-lock model illustrated only costs about 15/-. 
(Quantity orders at a lower price) 


Order a sample key now for evaluation purposes and see for yourself that first- 
class quality need not be expensive—when you buy from TMC. 


rT" WMC TELEPHONE MANUFACTURING COMPANY LIMITED 
Dept. B, Martell Rd - West Dulwich - London SE21 - Tel: GiPsy Hill 2211 


a 
A MEMBER OF THE TE GROUP OF COMPANIES 
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HIVAG NUMICATOR 


4 


as 


miniature, in-line, digital display tube 


*% Miniature side viewing tubes for the 

most compact numerical presentation. 

Flying lead connections for maximum Our specialised experience in the design and 
convenience and reliability. manufacture of cold cathode tubes and neon 
% Available with numerals from 0 to 9. indicators ensures the high quality, con- 
Fractions, plus and minus signs and sistency and long operating life of Hivac 
special symbols are also possible. Numicators. They can be operated in a variety 
of ways: from cold cathode tubes or from 


% All digits appear in the same position, mechanical and electromechanical switches. 


as seen from the front. Numicators 
accordingly offer the very great advan- 
tage of in-line display. 


%* Hivac Numicators have all the normal 4 iV, AC i_i iM iT - BD) 
advantages of neon indicator lamps—low 

consumption, low temperature operation, STONEFIELD WAY * SOUTH RUISLIP * MIDDLESEX * Telephone: VIKING 1288 
and freedom from risk of sudden failure. A member of the A.T. & E. Group 
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original : 
continuously-adjustable 
transformer 


inital sonia 
SpE ASN amb eee I Ia 
VARIABLE... 


- »+ Transformers, Chokes, Resistances—we manufacture ali three. Their 
quality merits no such adjective; this is epitomized in the trade name 
they bear, instilling confidence in the user and those who find ZENITH 
specified for components and other electrical apparatus. Style and finish 


throughout our varied range receive that serious consideration to com- 


Savings eee 


pletely justify this claim. 
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The ‘‘ON”’ series, oil immersed naturally cooled, results from an 
ever increasing demand for full voltage control of larger loads. 


“Versatility’’ and ““VARIAC"’ are virtually synony- This construction gives an increased power rating over air cooled 
mous when the need arises for controlling voltage, types of 12 per cent, also complete winding protection when 


d, heat. 
sper naar Sei adverse conditions demand such a requirement. 


Model ‘‘V3H’’ operates on a 240 volt, 50 cycle 
supply, with a useful output continuously variable ’ 
between zero and 270 volts at | ampere. 2 motor operation. 


A right angle drive is available, for back of panel mounting or 


It is available for panel mounting, as illustrated, or 
for bench mounting either open or covered. Other 
style variations are given in Abridged Catalogue 
VAR.6. 


Our model ‘‘V30H-M”’ is rated at 4.2 kVA, weight 58 Ibs. input 
240 volts, 50 cycles, giving a low loss control of A.C. voltage 
from zero to 270 volts at 15 amperes. 
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Regardless of the load a VARIAC is almost sure to be available 
from the standard range. 


Ss 


‘ 


Only VARIACS have the exclusive DURATRAK contact surface 
to withstand surges up to 1,000 per cent of their rated current. 
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VARIAC Transformers are exclusively distributed in the United Kingdom, Eire 
and British Colonies by Claude Lyons Limited, Hoddesdon, Herts and Liverpool 3. 


THE ZENITH ELECTRIC COMPANY LIMITED 
ZENITH WORKS + VILLIERS ROAD. + WILLESDEN. GREEN - LONDON N.W.2 


Telephone: WILLESDEN 65 Telegran VOLTAOHM, NORPHONE ONDON 
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a 
calculation 

* O) 
mathematicians 


No.4 PTOLEMY 


Ptolemy (Claudius Ptolemaeus, or Claud to his Bank 

Manager) was a native of Egypt. His birthplace is unknown but it is 

established that he was born. The ‘P’ is silent as in Pneumonia, 

Pnumismatics, Pneubiggin and the 9 o’clock Pnews. Ptolemy was not a member 
of the Royal House which indulged in orgies all over Egypt from 323 to 

30 B.C. and his name is not in Debrett or the New York Social Register. 

Despite this handicap he triggered off Trig. which had got off to a rather slow start 
after its discovery by Hipparchus 250 years earlier. Ptolemy’s natural 

elation gave rise to the phrase ‘‘Trigger Happy’’. Trigonometry is mainly a 
matter of sines, v-sines, co-sines, co-eds, and chords. Somewhere along the line 
the chord got lost. Trigonometry is strictly mathematical but hasn’t 

got much to do with counting machines which this advertisement is really about. 


And here is the C.I. Series 100 high-speed, quick 
reset, electro-magnetic, 6 figure counter. You won’t 
find series 100 among the counts in Debrett—it 
counts in those places where counting really counts. 


@ series 100 


COUNTING INSTRUMENTS LTD - BLSTREE WAY - BOREHAM WOOD - HERTS - Tel: ELStree 4151 
uh 
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How to obtain high current 
constant voltage D.C. supplies ? 


You could use cumbersome batteries, 

with their need for constant attention, but it 

is far simpler and certainly more reliable to use 

one of the new ‘Advance’ Constant Voltage D.C. 

Supply Units. This latest development in the application 

of Constant Voltage Transformers can be used to provide 
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d.c. supply at 4 amps 
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various d.c. supplies up to quite high current levels, as used in 
computers and data processing equipment. We shall be pleased to 
arrange for one of our technical representatives to call and discuss your 
requirements. 


These new D.C. Supply Units .... 





Provide HIGH CURRENT OUTPUT AT LOW COST 
Are SMALL IN SIZE AND WEIGHT FOR VA OUTPUT 
Have HIGH ENERGY RESERVOIR, thas are suitable 
for pulse, intermittent or variable loads 

Operate with HIGH EFFICIENCY 


ad 
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CONSTANT 
VOLTAGE 


Dp.c. POWER SUPPLIES 


Full technical details available in leaflet MB.101. } ! 
COMPONENTS LIMITED 


MAINS STABILIZATION DIVISION |.) 


ROEBUCK ROAD + HAINAULT « ILFORD + ESSEX + TELEPHONE | HAINAULT 4666 
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Resistors - Rheostats 
Gontrol Units 220": 


FOR LOADS FROM 


and Heaters i °2° 
20,000 KILOWATTS 


Prey kis _ 


my, Sy 
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Vitreous enamelled resistors wire-wound or corrugated Open wire-wound on solid porcelain or porcelain 
edge-wound tape on ceramic core. Withstand severe tubes. With or without tapping bands. 24 to 220 watts, 
vibration and thermal shock. 6 to 220 watts rating. 1.1 ohms to 28,400 ohms. 


Wire-wound on vitreous enamelled steel tubes. Available Bright annealed resistance wire or tape on best 
with welded fixing lugs or plated steel covers. Single or quality mica. Foot mounted or protected units 
double tube models up to 14,500 ohms, available. Banked assemblies to order. 


[o[exoamet] Toressall| 


THE CRESSALL MANUFACTURING COMPANY LTD - 59 CHESTON ROAD - BIRMINGHAM 7 - TEL: EAST 3571 


ELECTRONIC ENGINEERING 134 OCTOBER 1961 





t 


: 





EE 38 140 for further details 





MODEL 381. Vertical amplifier bandwidth DC—9 mc/s (—3dB) with 

rise time of .04 »Sec., and overshoot of less than 1%. Calibrated nine 
ELECTRONIC stage frequency compensated input attenuator. In addition all the facilities 

of a high class 3” general purpose oscilloscope. Unique mechanical 
EQUIPMENT construction with all panels removable for ease of maintenance. 


MANUFACTURERS Convection cooled. 
SEND FOR FULL TECHNICAL DETAILS 


At its price the best value obtainable in this country—perhaps in the world. 


£36 carriage paid 


a8 
Ht fronic 3-7, WINDMILL LANE, LONDON, E.15 


LIMITED 





Telephone: MARyland 6247 
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SERVO TEsT GEAR... 


TRANSFER FUNCTION ANALYSERS 


AUTOMATIC NYQUIST DIAGRAM 
PLOTTERS 


VERY LOW FREQUENCY 
GENERATORS 


SERVO POWER SUPPLIES 
CONTROL SYSTEM TEACHING AIDS 
INDUSTRIAL CONTROL GEAR 





TRANSFER FUNCTION ANALYSER 
TYPE 1238S FEATURES: 
DIRECT INDICATION OF PHASE ANGLE Ff 


DIRECT INDICATION OF AMPLITUDE / from our range of 


TEST FREQUENCY RANGE: 0.03-250 c/s / 
DECADE SETTING OF TEST FREQUENCY 
MODULATED CARRIER OR DC OUTPUT / INDUS TRIAL CON TR OL GEAR 
DECADE OUTPUT ATTENUATOR / 
CARRIER FREQUENCY RANGE 30 c/s-3K C / swrresena 


INDEPENDENT AC OR DC INPUT 
HIGH SENSITIVITY INPUT: SO0mV / POSITION 





MECHANICAL OUTPUT / 
INSTANTANEOUS START-STOP FACILITY / 











ACTUATING PART OF 
MACHINE 


ae 
ELECTRONIC LIMIT SWITCHES i ll 














SERIES 400 


@ NO MOVING CONTACTS @ NO WEAR 
@ FULLY PROTECTED @ ACCURATE 
@ OVER 10 TYPES AVAILABLE 


@ NOW IN QUANTITY PRODUCTION ELECTRONIC LIMIT 
SWITCH TYPE 404D 











For full details write to: Os 5 


SERVO CONSULTANTS LTD 


10 BOUVERIE PLACE LONDON W.2. PAD. 2811 
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The case and base, mounting panel and double 

spool mouldings used by the Automatic Telephone 

& Electrical Co. Ltd., in their ““Rythmatic” 

ripple control centralised remote switching 

systems are made by us in an ELO Phenolic material, 


which is modified specially to give satisfactory 


results under exacting operating conditions. 


4 


Compression Moulding Materials 
Transfer and Resins, Varnishes 
Injection Mouldings - Cements and Lacquers 


BIRKBYS LTD - LIVERSEDGE - YORKSHIRE 


Telephone Heckmondwike 514 


London Office: 79 BAKER STREET, W.1. WELbeck 3746 
OCTOBER 196! 137 ELECTRONIC ENGINEERING 





EE 38 143 for further detcils 

















STANDARD CIRCUIT BLOCKS 


In order to present the outputs of up to 4 digitizers of either binary 
or decimal type, standard sub-chassis assemblies, together with 
decimal decoders are now being manufactured by GEC. A range 
of only five types of circuit board is needed to build circuit assem- 
blies for reading 1, 2, 3 or 4 digitizers, thus making the complete 
equipment both less expensive and more convenient for users. 
The circuits are all transistorised and are contained on synthetic 
resin-bonded boards measuring 5 x 44 inches. Connections are 
made by means of wrapped joints and the units may easily be 
integrated into larger data processing machines and assemblies. 


INDUCTION DIGITIZERS 


The GEC. induction digitizer itself is a rotary encoder which 
gives a representation of the angular position of a shaft. It operates 
by varying the inductive coupling between a main winding and a 
number of digit windings. No slip-rings, commutators, or photo- 
electric devices are used, and because of its electro-magnetic 
operation it is not subject to the same limitations of life and 
environment as most other forms of digitizer. 


For further information, please write to: 


THE GENERAL ELECTRIC COMPANY LIMITED OF ENGLAND 
ELECTRONICS DIVISION - LOWER FORD STREET - COVENTRY - ENGLAND 


Smee’s 70 
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COMPUTER 

ENGINEERING 

TECHNOLOGY 
and C.R.E.Ii. training 


Computers are playing an increasingly important part in our 
lives, and people trained in computer electronic engineering are 
looking forward to interesting and rewarding careers. 


To help fill the rapidly growing demand for such men, C.R.&.1!. 
have expanded their home study courses to train capable students 
in Automation, covering computers, servo-mechanisms and the 
most recent applications of electronic technology. 


C.R.E.1. TRAINING RANKS WITH THE BEST IN THE WORLD 


C.R.&.1. — trained electronics engineers in their thousands hold prominent 
positions in American industry and the U.S. Forces. Now, more and more British 
students are using the specially revised courses to study the design and application 
of computers and allied techniques, taking advantage of the unique C.R.E.I. 
facilities to equip themselves with a first-class technical education in their spare 
time. C.R.E.I. training is so up-to-date that much of the information imparted is 
not yet available in text books’ 


Send for more details — without obligation 


You may or may not decide to take a C.R.E.I. course, but you 
should know more about them before you decide. 

We urge you, therefore, to send the coupon below for details of 
the specialised courses now helping so many technical men to extend 
their horizons. 


These courses are not for beginners. An acceptable student must have practical 
experience in electronics or an adequate academic knowledge of the subject. To 
such we shall be pleased to recommend a suitable curriculum with a qualified tutor 
whose duty it is to follow personally the progress of each student in his care. 


FILL IN AND POST THIS COUPON NOW 


Fe RES a RN ye er ge a ee SS ULLAL LLLLLLLLLLLLLLLLLLL LLL 


ile 


te c.R.6.1. (London), (dept. £.E.4) 
GRANVILLE HOUSE, 152/135 SLOANE STREET, LONDON, S.W.1 


Please send me (for my information and entirely without obligation) 
full details of the Educational Programmes offered by your 
Institute. 


C.R.&.1. Courses are 
available in: 
i. Electronic Engineering 
Technology 


i. Mathematics for Electronic 
Engineers 


NAME 
ADDRESS 


Automation 
. Radar 
. Servo 


. Nuclear Engineering 
Technology 


ELECTRONICS EXPERIENCE 


C.R.&.1. (London), (dept. E.E.4) 
GRANVILLE HOUSE, 132/135 SLOANE STREET, LONDON, $.W.1 


ee ce ces ee cee ee ce ce ces cs ce ces cme ee cee ce cemes cms ee—_|/111/1IVVNNIVNVOOLINLNOOLUOLSORONOO A 


FAQQVUQUQQUUOUUUCUTOOOUERUREREOUOONAUOOOOOUUOTOUUEE AAA AAYAAOAGUOAOUUUUET TET 


2) 


SOUND UTUVUATUNUUUAUANATAAAGOAROAONANORDENGUAAOUAOOUOUUOTROULELUUEDCLUULA UT 
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Haddon “STANDARD” Saturable Reactors— 
Transductors operate from conventional A.C. line 
Voltages and provide a choice of D.C. Voltages for 
Control Windings. Selected from a wide range of 


S | AN D ARD individually designed and manufactured SPECIALS 
over past years, the HADDON STANDARD RANGE 
enable the discerning engineer to select STANDARD 


SATURABLE REAGTORS EQUIPMENT for Specific application. 


416 standard single-phase designs cover the range 


TRANSDUCTORS 1 kVA to 300 kVA. 





They provide the best method of stepless control in 
both long-term economies and high performance 
standard. 


f ® 
Cn. , - @ 
Ge is 





Technical literature containing the principles 
and applications of our wide range of Saturable MAGNETIC 
Reactors is available on request. AMPLIFIERS 


For use with Saturable 
Reactors Haddon manufacture 
a standard line of Magnetic 


HADDON anne <=... 


= dy pets 
t 
HADDON TRANSFORMERS LIMITED 2000/8000 pvt r 


Victoria Park Industrial Estate, Field End Road, Ruislip, Middx. , 
Telephone: Byron 9444-8 Telegrams: Hadtrans; Ruislip oe. —— 
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FOR WRITERS 


The British Radio Equipment Manufacturers’ Association 
The British Radio Valve Manufacturers’ Association 
The Electronic Engineering Association 

The Electronic Valve and Semi-Conductor Association 
sponsor a scheme to award premiums of 30 guineas 
each for articles, which, in the judges’ opinion, are 
likely to publicise throughout the world the valuable 
and original work taking place in the United Kingdom 
in radio, electronics and associated instrumentation. 


RULES 


(1) AWARDS. The constituent Associations are 
prepared to award up to 8 premiums of 30 guineas 
each to the writer or writers of eligible articles 
published between January and December in any 
one year. Some prizes will be awarded for purely 
technical articles as well as articles of commercial 
or interpretative merit. 

(2) ELIGIBILITY. (a) Articles in any journal are 
eligible provided that the journal is available to the 
public generally, either by subscription or by open 
sale. (b) No articles can be accepted for considera- 
tion before publication in a journal eligible for the 
competition. In doubtful cases of eligibility the 
Panel of Judges shall decide. (c) The writers them- 
selves must take the initiative and submit articles 
for consideration but this rule does not prevent 
acceptance of articles submitted by the editor ofa 
journal. (d) Members of the Panel of Judges may 
select and submit articles for consideration by the 
Panel. (e) Candidates submitting articles must 
certify to the Secretary of the Awards Committee 
that they are not earning 25% or more of their 
income from fees for articles or from book royalties. 
When an article is by two or more authors each 
must be eligible under the above terms. In such a 


PANEL OF JUDGES 


case the award of 30 guineas is shared between the 
writers. Any number of articles may be submitted 
by a single candidate. 

(3) CRITERIA. The discretion of the Panel of Judges 
is absolute. They are, however, directed to take 
into consideration the following factors: (a) com- 
mercial or interpretative merit in the context of 
British achievement in electronics, (b) technical 
merit, (c) originality, (d) presentation and clarity. 
(4) PROCEDURE. Persons submitting articles for 
consideration of the Panel should send seven copies 
of the article together with a signed declaration 
that the writer (writers) is (are) eligible within 
Rule 2(e) to the Secretary of the AwardsCommittee, 
c/o The Electronic Engineering Association, 11 
Green Street, Mayfair, London, W.1, formally sub- 
mitting the article for consideration for an award. 
All entries must reach 11 Green Street not later 
than the 15th January 1962. Articles should be sub- 
mitted for consideration as soon as possible after 
publication. Presentation of the awards is made 
soon after selection, which takes place in March. 
The names of the prizewinners are announced in the 
technical press and each prizewinner receives a 
personal letter informing him of his success. 


Prof. C. W. Oatley, 0.B.£.. M.A., Prof. Electrical Engineering, Cambridge University 


B. C. Brookes, m.A.. Senior Lecturer, Dept. of Engineering, University College, London 


A. H. Cooper, B.sc F. Jeffery 


G. Reeves 


Dr. R. C. G. Williams, pn.D., B.Sc.(Eng.), M.1.E.B., M.I.Mech.E., A.C.G.1., D.C. 


WRITE NOW 


and enter your article in the competition. As a 
writer or editor, YOU can help tocreatean increased 
awareness of Great Britain’s leading part in the 


WRITE NOW TO: 


development of radio, television, electronics and 
associated instrumentation by entering or support- 
ing this competition. 


The Secretary of the Awards Committee, c/o The Electronic Engineering Association 
11 Green Street, Mayfair, London, W.1 
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FOR INSTRUMENT TUBES 





check with the 


£2 HE RO AEST EI ORE AB 





pee pean ee 





SBVP3IA] SCLP3I 
3AZP31} 3BLP3! S5BKP3i | S5BUP3I High High 


Double {| Transistor Helical General 


Gun* Driven P.D.A. | Purpose Writing Sensi- 


Speed tivity 





1.5 0.3 ; : 1.4 2.0 1.5 1.5 
1.5 0.3 1 ‘ 1.8 2.0 4.0 1.5 
— 1.5 . . 4.0 4.0 8.0 15 
os a 10 _ —_ 15 
70 50 60 95 95 60 
16 3.0 35 2.7 
90 70 95 115 100 
X sensitivity ... (V/cm) 23 5.0 57 11.2 
Screen diameter (mm) 94 78 137 137 


SCREEN TYPES: 


Medium persistence ... Yes Yes Yes Yes Yes Yes Yes 
Long afterglow No Yes To order Yes To order | To order | To order 
Blue photographic To order | To order To order Yes To order | To order | To order 
Short persistence To order No No To order No No To order No 






































* Data is given for each gun. 
Brief details of the range and typical SRSRRSESSTEE ESRC CREE SERRE ERE R Eee eee eee eee 
operating characteristics are given here— 


for full data please use the coupon adjoining. 


ETEL 


Electronic Tubes Limited 


3BLP3i [ | SBVP3IA [ | 
Instrument Cathode Ray Tube Division 
4eP3i [|] ScLPsi| | 
80 New Oxford Street . London WC1 


Telephone: LANgham 0800 BRRHSKAC RAKE R RRA TRORAEHRSESHRKKSRHRSERER HG he ow ee 
ETL20 
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p.s. Servo Unit by WALTER JONES 


THE MOTOR 


a comprehensive range of 2 phase §0 c.p .8. servo motors, 30, 40, 60, 90, I10, 
1§0 oz. inches stalled torque. Designed to comply with joint Services’ requirements 
for shock, vibration and climatic conditions. Class F . insulation. 


THE TACHOMETER 
Suitable induction or d.c. tachometers can be supplied. 


THE GEARBOX 
Manufactured and fitted to suit your specification. 


THE CONTROL BOX 


Magnetic Amplifier, 150 watt output, 50 cycles, half-cycle response amplifier having a 
substantially symmetrical output wave by which the 90° phase relationship of the controlled 
and reference phase currents of the servo motor is maintained throughout the full 
range of output. 
The amplifier is designed to give an output torque from zero up to 150 oz. inches in both 
directions by change of control signal polarity. 
The control may be either direct current or §0 c.p.s. alternating current, since the 
amplifier is of the half-cycle response type. 
Single stage —— requires a direct current control for full operation of 60 mA 
from a source of §00 ohms. 
Two stage cece er requires a d.c. control current of 2.5 mA from a source of 
ve oo ohms for full output. 

ree stage amplifiers are available when required for operation from signals of 
micro-ampere level. 





Servo Motors: Converters and Invertors: 
Frequency changers: Permanent-magnet and Electro- 
Rotary Transformers: magnet d.c. motors, d.c. 
Tape recorder motors: generators and alternators: 
High-speed motors: Fan blower motors: 
Synchronous motors: 

DESIGNERS & MANUFACTURERS OF _ Single and polyphase induction Stead qusanieess: 
motors: Tachometer generators: 
Geared motors and gear units: Speed governors and accurate 
Power and audible frequency governor-controlled machines: 


alternators: 
mars sats geared interrupters for St GUS Gaqeenay exer corsectens: 


of complex repeating Special research and laboratory 
pulse trains: equipment. 


TP VGES: MMI TSSH & CO. (engineers) LTD. serins ru, syicoan, London, $826 Sydenham e265 
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In the wide and ever growing field of electronic instruments, 
Livingston Laboratories offer a unique service in the form 
of expert advice in the choosing of equipment to meet 
your needs, 


Many thousands of electronic instruments of all types are 
included in our range of products from more than 100 
manufacturers at home and abroad, 


Call in our Field Engineers or visit us at Camden Road to 
discuss technical problems of instrumentation and the new 


techniques being developed on both sides of the Atlantic. 


The solution to your problems may be as near as your 
telephone — ring GULLIVER 8501 for all your electronic 
instrument needs, 


UNDER ONE ROOF 


INSTRUMENTS FROM A SELECTION OF 
THE WORLD’S BEST MANUFACTURERS 
IN BOTH GREAT BRITAIN AND OVERSEAS 


MAGNETIC AB NOISE FIGURE METER 
Model 113 


Used in conjunction with a noise source, this 
model gives a continuous reading of the noise 
figure of amplifiers tuned to frequencies in 
the range 2-5 to 200 Mc/s; and radar or other 
microwave receivers having intermediate 
frequencies in this range and radio frequen- 
cies from 5 Mc/s to 18-0 kMc/s. 


Some of the manufacturers outside Great Britain whom we represent and 
for whose products we offer full service facilities: 


BIRD ELECTRONIC CORP. @© BOONTON RADIO 
CORP. © BRUSH INSTRUMENTS @ DYMEC INC. e 
E.H. RESEARCH LABORATORIES INC. @® ELECTRO 
SCIENTIFIC INDUSTRIES INC. ¢ EMPIRE DEVICES PROD. 
CORP. @© JOHN FLUKE MANUFACTURING CO. e@ 
HEWLETT-PACKARD CO. @ KAY ELECTRIC CO. e@ 
KEITHLEY INSTRUMENTS INC. © ARTHUR KLEMT e 
MAGNETIC A.B. @ F. L. MOSELEY CO. © NON-LINEAR 
SYSTEMS INC. © RADIO FREQUENCY LABORATORIES 
INC. © RADIOMETER « S.1.D.E.R. © TEKTRONIX INC. @ 
TELECHROME MANUFACTURING CORP. © VARIAN 
ASSOCIATES (Microwave Tube Division), etc. 


LIVINGSTON LABORATORIES LIMITED 


31 CAMDEN ROAD - LONDON - N.W.I. 


Telephone: Gulliver 850! (10 lines) 
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THE LITTLE FACTORY 


Little things and little places are endearing and have many 
advantages which are denied the giants. Our own enviable reputation, 
for example, has been due very largely to our staff who, realising that 
they are part of a small team of experts, have given of their best. 
Business, however, does not stand still. The reputation has 

resulted in more and more orders and we are “bursting at the seams”. 
Production space at the little factory is therefore being 

doubled and we will soon be able to give on a larger output the 

quick and definite deliveries synonymous with 

Savage Transformers Limited. 


If you have a transformer problem, however 
complicated or simple, write to 


THE LITTLE FACTORY 
WITH THE BIG REPUTATION 


SAVAGE TRANSFORMERS LIMITED 


ed of F ae NURSTEED ROAD, DEVIZES, WILTS 
SAVAGE Tel: Devizes 932 








wd ie 
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starting something? 


starting something? . . . like a project where you 

could use progressive Design facilities . . . or where, without capital expenditure 
you could supplement your own resources with additional 

Production of a specialised nature. 


Perhaps it’s a job for The Pickering Group of Companies. 

; For here the traditional engineering skills of almost a hundred years 

of history are merged with the advanced techniques of the Twentieth Century— 
techniques in the application of High Vacuum principles to Industrial problems 

the provision of Complete Off-Shore Oil Drilling Equipment—the production of 
Metal Evaporation Units—the fabrication of Engine Bedplates, Gearboxes, 

Cranes and Tanks—and the building of High Vacuum Chambers for 

; _ Metal Coating, Decorative Finishes and Optical Blooming. 

Even in the High Vacuum aspects of Space Research, The Pickering Group 

has something to offer! 


On a contract or sub-contract basis, The Pickering Group of Companies is 
_ daily providing a valuable service to many diversified industries. 
A Technical Consultant Service is available and your enquiries are invited. 








HIGH VACUUM EQUIPMENT 
For Decorative finishes and 
Optical coating. 


HONIZATION CHAMBERS 
HIGH VACUUM GAUGE UNITS 


HIGH VACUUM VALVES AND 
ACCESSORIES 


MASS SPECTROMETER 
LEAK DETECTORS 


IMPREGNATION & 
ENCAPSULATION EQUIPMENT 


HIGH VACUUM FURNACES 
For Melting and Sintering 


CONTROLLED ATMOSPHERIC 
WELDING EQUIPMENT 


FREEZE DRYING AND 
DEHYDRATION PLANT 


DIFFUSION PUMPS 


ALPHA RAY IONIZATION 
GAUGE CONTROLS 








THE PICKERING GROUP OF COMPANIES 


Steel Fabrications - Stern Frames - Engine Bedplates - 
Gearboxes - Crane Structures - Tank Work - Equipment 


R. Y. PICKERING & CO. LTD. 


VACUUM INDUSTRIAL 


APPLICATIONS LTD. 


DANIEL VARNEY LTD. 


——— 


WOODFIELD PICKERING LTD. 


for the Oil Industry. 


High Vacuum Equipment - Melting and Sintering Fur- 
naces - Metal Evaporation Units - Vacuum Casting Plant 


Control Equipment, etc., etc. 


Scientific Instruments 


Complete Off-Shore Oil Drilling Equipment 


NETHERTON ROAD - WISHAW * LANARKSHIRE * SCOTLAND 
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The Microcell range of power supplies includes 
the Type 410—a 1 to 30V. 5 amp. unit, the Type 
411—a 500V.—3kV. 10mA Unit and transistorized 


e I ect ro n ics Sub-Units of up to 5A capacity. 


A DIVISION OF MICROCELL LIMITED Economy note: Details are now available of the 
Blackwater, Nr. Camberley, Surrey , : , rin 
Feleshane: Cambertey 9001 new Microcell Dual-Voltage supplies—offering 


optimum performance at minimum cost. 


PROGRESS THROUGH KNOWLEDGE 
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Performance 
is measured 
- 
true dimensions 


Research, craftsmanship and rigorous 
control combine to make Unbrako screws 
the world’s safest, each produced with that 
unerring dimensional accuracy which 
Unbrako high-performance ensures unfailing performance. 

socket head cap screws : : ; 

teh Gunde th & taak comme Dimensional accuracy includes the 

of sizes and threads to dimension which can only be measured in 
cover every need. : : Stal 

fh dasetigtve beathuee ts retrospect. The dimension of in-built 
yours for the asking. performance. Millions of Unbrako screws 


have been proving this for years. 
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UN BRAK O 


UNBRAKO SOCKET SCREW CO LTD COVENTRY TEL: 89471 


ALGO MAKERS OF: CAP SCREWS - BUTTON HEAD SOCKET SCREWS - COUNTERSUNK SCREWS - - PRESSURE PLues - Kine 
BOLTS - SET SCREWS - SHOULDER SCREWS - SQUARE HEAD SET SCREWS - T BSOLTS - TMUTS - SEL-LOK - STAINLESS STEEL AND COLLARS 
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“Tra ngitron 


VERY FAST SUWITCHI/N Co 
GERMANIUM DIODES 


The wide range of Transitron 
diodes of proved reliability includes 
gold-bonded germanium types 


with very fast inverse recovery time. 





These diodes are now in quantity 


production and are readily available 





from stock—with quick 

delivery anywhere in the 

United Kingdom. 

In addition, the Transitron 
Engineering and Design Laboratory 
is at your service for the 
adaptation of 

diodes for specific 


applications or for information 





regarding their use. 


Diode Waveform Type $570G 
Bulletin TE-1319G 


Details on request from 


TRANSISTORS - DIODES: RECTIFIERS - SWITCHES - 


Txeliltiimel ie T 


Telephone EALing 8042 
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Before 


specifying 


materials 
consult 


this record 


Design with Nickel-containing MAGNETIC MATERIALS 


Send for a free publication ‘Nichel-containing Magnetic Materials’ 
> rH INTERNATIONAL NICKEL COMPANY (MOND) LIMITED THAMES HOUSE MILLBANK LONDON SWi 
TGA GNEO 
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Please send me @ free copy of 
‘Silicones in Electronics’ 


Name 
Position 
Company 
address 


OCTOBER 196] 





sige | @ MSE 30 
TRONIC PR 5 
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specity 


gold 
bonded 
germanium 


diodes 


* HG5003 is designed to meet CV7127 
* Fast recovery and low hole storage 
* High forward conductance 

* Low reverse leakage 

* High peak inverse voltage 


Made in Glenrothes, Scotland, the Hughes range of 
silicon and germanium diodes are subminiature devices 
with extremely stable electrical and mechanical 
characteristics. These diodes are specially designed 
and constructed to meet the most exacting require- 
ments of military or commercial applications. They are 
double wire ended and fusion-sealed in a subminiature 
one-piece glass envelope to ensure complete isolation 
of the active elements from damage or contamination. 
The small size, combined with rigidity of construction 
and small mass of the elements, enable them to 
successfully withstand physical shock and vibration. 


Qualified engineers in our Research and Development 
laboratories at Glenrothes are available to help with 
your application problems. 


Continuous ratings 25°C Characteristics 25°C 
Max. Reverse Volts Max. Forward Current Max. Volts Drop Max. Reverse Current 


100 80 mA 8 Vv @ 100mA 
80 mA 8 Vv @ 100mA 
80 mA BV @ 100mA 
80 mA 8v@ 100mA 
80 mA BV @ 100mA 
80 mA 8 Vv @ 100mA 
80 mA 8 Vv @ 100mA 
80 mA BV @ 100mA 








Actus ff 


SSSSSSSS 





Home and Overseas enquiries to: 


HUGHES INTERNATIONAL (U.K.) LTD 


KERSHAW HOUSE, GREAT WEST ROAD, HOUNSLOW, MIDDLESEX -§ HOUNSLOW 5222 
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The high quality of Brush semiconductors is the key to 
the solution of many design problems. Brush semiconductor 
devices are now in quantity production in a greater variety 
than ever before. Brush, backed by Clevite, Shockley and 


intermetall research, has the widest range in the country. 


This range holds the keys to the problems confronting 


you in your quest for even better equipment. 


Write or’phone to Semiconductor 
Division, Brush Crystal Co. Ltd 





1 


Outstanding in the Brush range are the 
silicon and germanium transistors which 
offer 
Silicon 
* High current gain 
* Low leakage current 


* High voltage working 
® High mechanical strength 


Germanium 


SEMICONDUCTORS 


# Low saturation resistance 

* High collector to emitter voitage 

* High current gain 

* Very high thermal conductance 

* Very high current handling capabilities 











HY THE ‘SOUTHAMPTON ‘HANTS: Phone :HYTHE 3031 
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‘Cc’ CORES 


for open-type transformers 


‘ENGLISH ELEctTrRic’ ‘C’ cores, developed specifically to meet the exacting 
standards of the electronic industry, provide smaller, lighter and more efficient 
transformers and chokes for interservice, industrial and commercial applications. 


The full range of ‘C’ cores in -013", -004” and -002” grain-oriented steel strip 
complies with the requirements of the Standard Interservice range (RCL.193). 
Special cores can also be supplied on request. 


“ENGLISH ELEcTRIC’ ‘C’ cores are suitable for use in oil filled, open type, or resin cast 
transformers. Clamping frames and other accessories are available and manufac- 
turers can obtain many of their component requirements from ‘ENGLISH ELECTRIC’. 


ENGLISH ELECTRIC 
‘Cc’ and ‘E’ cores 


THe ENGLISH ELECTRIC Company Limitep, ENGLISH ELectric House, STRAND, LONDON, W.C.2 
WORKS: STAFFORD + PRESTON * " BRADFORD LIVERPOOL ACCRINGTON 
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WALMORE 
ELECTRONICS 


LIMITED 


TETRODES 


SELECTION FROM EIMAC RANGE 





| Anode| Frequency | 
| Dissi- | for Max. | 
| pation Ratings 
| (watts) (Mc/s) 


ig 
4x150D | 250 | 150 26.5 v. heater version of 4X1S0A_ 

% 500 (C.W,) | ste 
: ; 4X150G_ | 250 | 1500 (pulse) | U.H.F. version of 4X150A 
Eitel - McCullough Inc. pioneered the 4X250B | S250 500° | improved 4X150A, partly ceramic con- 
modern line of development in medium | struction 


power tetrodes when they introduced the aa __250_| __500___|_ Improved 4X250B, fully cer a 
’ er X250F 250 500 | 26.5 v. heater version of X250 

4X1I50A. Since then they have maintained | (Modern 4X150D) _ 

their leadership by continuous improve- é |. aoe 

ments and new developments. The Eimac 4CX250K 250 1500 (pulse) | = version 4CX250B (Modern 

X150G 
range gives the widest choice of valves in ea cement Cet 50 ew.) 2) _____. ni? 
this category, and they are established 4CX250M | 250 | 1500 0 (pulse) | 26.5 v. heater version of 4CX2S0K 


generally in equipments throughout the 4CX300A | 300 | 500 | Rugged tube, stacked ceramic construc- 


world. 4CNISA | 15 | ~— 500 | ‘Pulse version 4CX300A; smaller, lighter 
The 4CX250B is the modern version of the ACKIISC | 125 4CX300A with different cooler system 
4XI50A and 4X250B. Features of the sas | Water cooled version 4X2508 
4CX250B are 

Fully ceramic construction. 


Longer life expectancy. | 250 150 Rugged 4 4X150D 


Higher seal temperature ratings. ae | ae 500° —| Rugged 4CX7250B 
Plug-in replacement for 4X1I50A, 4X250B. 


Brief Description 
























































SOME NEW TYPES 





500 eH Rugged 4W300B 














MOTOROLA 


EITEL- CERBERUS A.G. 
SEMICONDUCTOR 
McCULLOUGH INC., SWITZERLAND PRODUCTS INC. 


CALIFORNIA, U.S.A. Ppa” (Cold Cathode Tubes) ARIZONA, U.S.A. 


NATIONAL ELECTRONICS TUNG-SOL WALA 

















INCORPORATED ELECTRIC INC. CORPORATION 
ILLINOIS, U.S.A. NEW JERSEY, U.S.A. NEW JERSEY, U.S.A. 


WALMORE ELECTRONICS LTD. 11-15 BETTERTON STREET DRURY LANE LONDON, W.C.2. 
Telephone: TEMple Bar 0201/5 Telex: London 28752 
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ARSENIC 


This very pure arsenic is available to the electronics industry 
as COMINCO 69 GRADE. It is ideal for use in compound 
semi-conductors and is available in the form of dense 
crystalline pieces of random size generally less than 2 cm. sq. 
by 0.5 mm. thick. The product is available in 25,50 and 
100-gram lots vacuum sealed in pyrex ampoules. Ampoules 
containing specific quantities can be supplied on request. 
Elements detected spectrographically total 1 to 2 ppm. and 
sulphur content is less than 0.1 ppm. 


69 GRADE ARSENIC is one of a number of pure metals 
produced by the CONSOLIDATED MINING AND 
SMELTING COMPANY OF CANADA LTD., to meet 
the exacting requirements of the semi-conductor industry. 
Other pure metals available include Antimony, Bismuth, 
Cadmium, Indium, Lead, Silver, Tin and Zinc. 


Unieed Kingdom a | R Y GARDNER 


and Europe from: COMPANY LIMITED 


2, METAL EXCHANGE BUILDINGS, LEADENHALL AVENUE, LONDON, E.C.3. | 
Stoney Gardnes & Co. Led., offer Sull technical services, Telephone: MANsion House 4521. Telex: LONDON 28547. 
supported by the Research Division of the producers. se SRR ; 





The Flamemaster 
hand torch 


@ FLAMEMASTER is a registered trade name of STONE-CHANCE Ltd 


The Stone-Chance FLAMEMASTER Is now distributed only by 
Buck and Hickman Ltd. 
This famous little tool remains unchanged in design and is 
invaluable for all glass working, metal brazing and soldering. It is 
made and will continue to be made by Stone-Chance, but your 
enquiries and orders should now be addressed to :— 


BUCK & HICKMAN LTD. 


2 Whitechapel Road, London, E.! 
also at Birmingham, Bristol, Glasgow, Leeds and Manchester 


Stone-Chance Ltd., Schomberg House, 82 Pal! Mall, London, S.W.! 
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EXPERIMENTAL SPRINGS? 


No. 1200. Three dozen Assorted 
Light Expansion Springs, suit- 
able for carburettor control, 
etc. 15/-. 


Don't 
>» grope here... 


No. 98A. Three dozen Assorted 
1” to 4” long, }" to ?’ diam., 
19G to 15G. 6/6. 


Select your 


Springs 
here 


No. 753. Three dozen Assorted 
Light Expansion }” to }’ diam., 
2” to 6” long, 22 to 18 S.W.G. 
12/-. 





No. 760. Three dozen Assorted 
Light Compression Springs. 1” 
to 4” long, 22 to 18 S.W.G., 
+” to #” diam. 7/6. 





No. 757. Extra Light Com- 
pression, 1 gross Assorted, }” 
to %” diam., $” to 24” long, 
27 to 19 S.W.G. 18/-. 





Have you a Presswork problem? 


If so, the help of our Design Staff is yours for the asking. 





Really interested in Springs? 
“Spring Design and Calcula- 
tions”’ 10th Edition tells all— 
post free 12/6. 








Cut Production Costs with 
Terry’s Wire CIRCLIPS. We 
can supply immediately from 


stock—from }” to #’. 








No.758.FineExpansionSprings. 
1 gross Assorted }” to #” diam., 
4° to 2” long, 27 to 20 S.W.G. 
18/-. 





That spring you want... 

in a hurry . . . where is it? 

Pick what you want when you 
want it from TERRY'S BOXES OF 
ASSORTED SPRINGS—our fine range 
of small boxed assortments of 
experimental springs. We can show 
you only a few from the range 
here. Send a postcard for our full 
list—and if ever you're stuck 

with a spring problem send it 
along to our Research Department 
—they’ll gladly help you out. 


ERRYS 


yor SPRINGS 


Looking for good Hose Clips? 
Send for a sample of Terry’s 
Security Worm Drive Hose 
Clip and price list. 








OCTOBER 1961 


HERBERT TERRY 
& SONS LTD 
Redditch, Worcs. 


(Makers of Quality Springs, Wireforms 
and Presswork for over 100 years) 
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_METWAY_— high Vacuum systems 


TERMINAL BLOCKS y 
! 


Bi R-VAC LTD. 


PLASTIC CABLE BANDS by cesusliccie lodaaveseiiion finihahalcinasel 
Sizes: 2%", 5%", 64", 7%". HIGH VACUUM ENGINEERS 


No. 3 FACTORY 
PERSHORE TRADING ESTATE 
PERSHORE, WORCS. 


HIGH VACUUM OVENS 
Ultimate Vacuum 10-5 Torr 
Temperatures up to 400°C. 
Stainless Steel Chamber 
Internal Heating 
Temperature Measurement 
and Control 

Fully valved and protected 
High Vacuum System 











1-12 WAY 5-100 AMP 
P.V.C., NYLON , RUBBER, 


INSULATED PORCELAIN, BAKELITE. packiNG GLANDS 
LINE TAPS Brass, Nylon, Diecast. 


For full details ask for Cat. No. NBG/OHS'EG 


METWAY - KEMP TOWN - BRIGHTON 7 -——~" 


Special Systems built to customers requirements 











PLEASE 
SEE 1 : tude ~<a 
PAGE I79 


aoe 2 @ ta Vacuum 
ystems 








N Y LO N SCREWS oe 


Plant 
In B.A. Sizes 5/16"—1" Long 
INSTRUMENT & CHEESE HEADS 


THE QUALITY IS UNSURPASSED 
GOOD DELIVERIES 


SAMPLES & PRICES ON REQUEST Full Servicing and Leak Testing Facilities 
GRICE & YOUNG LTD., precision encrs. stockists ror See Gencliac) & 


CHRISTCHURCH, HANTS. TEL. : 636-7 VIA-VAC | Hiney 
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to Harwell designs and drawings 


ag 


Comprising 4 sets of water- 
cooled windings, each winding 
being 3 double layers of 
conductor, size %” square, 


with a .22” bore; windings 


SA 


* 


vacuum-impregnated with 
Araldite. Yokes, Pole Pieces 
and Pole Tips fully-machined 


to produce an accurate 


* 


paralleled dimension of 
8” +-.008” through the 
Pole Tips. 


SS 


ee 
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ee @ berfe ect example of Fabrication up to 20 tons in general purpose plant, 
plus tool room and electrical work on special 


purpose production equipment — that’s how 
i ( N ' O | | Lintott’s cover the whole engineering field. 
Collaboration with designers and plant engineers 


includes pattern making and prototype work to 
a high standard. Current production includes 


specialised fabrication equipment for the electronic, atomic energy and 
petro-chemical industries. 


LINTOTT ENGINEERING LTD 


Horsham, Sussex. Telephone: Horsham 3316 
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(Delivery: Generally Ex-stock, 
Redditch Works or London Office). 


TRANSISTOR CLIPS 
in Beryllium Copper 


(Patent and Type Approval applied for) 


Of compact design, and taking 
up no more foom than the 
Transistor itself, these Clips, 
manufactured from Beryllium 
Copper and formed soas toassist 





products for the Electronics Industry 


SPRING LOADED 
WIRING TERMINAL 


Designed for mounting on panels 
up to 4” thick, the terminal accepts 
wire ends or pins up to 4” diameter 
and provides a quick and simple 
connection, secure and proof 
against vibration. Terminals are 
available from stock with Black 
or Red Thermo-plastic fittings or 
other colours to order. 


Ratings :—Current 5 amp. Test 


Voltage 1000 V., with 
contact resistance. 
(Patent and Type 
Approval applied for). 


heat dissipation, are designed 
to suit cylindrical Transistors 
such as the Mullard OC.72 for 
fixing horizontaily to printed 
circuit boards. 














Pressure on the cerminal 
cap opens the transverse 
hole and allows the wire or 
pin to be inserted. Release 











pressure and wire or pin is 
firmly held in position. 


LEAVE IT TO 


ae 
Lewis 
OF REDDITCH 
SPRINGS, PRESSWORK 


AND WIRE FORMS TO 
FINE LIMITS 


Top illustration shows the clip greatly 
enlarged whilst the lower picture 
shows the clip actual size and also 
the method of fixing. 


for Reliability . . 





THE LEWIS SPRING CO. LTD., Resilient Works, Redditch. 
London Office: 122 High Holborn, W.C.|I. 


Send 2/6 P.O. for our 40 page booklet on spring design with full technical data. It is an invaluable reference for your design department. 





Data Recorder 
TY PH 366 





The Type 366 Data Recorder is designed 
for simplicity of operation and long-term 
reliability. Whether recording signals 
from the stars or merely a few inches 
away, this equipment will capture and 
hold information until it is required. 

The Data Recorder is already in use in 
government departments and through- 
out industry. 


DE 


or see us on Stand No. 37 at the Electronic Computer Exhibition from 3rd to 12th October, 1961 


BRIEF 
SPECIFICATION 


6 speeds—1} to 60 i.p.s. stan- 
dard * other speed ranges 
down to # i.p.s. and up to 120 
i.p.s. available * 10} N.A.B 
spools * two tape widths— 
+’ and 3" or #’ and 1” * plug-in 
transistorised electronics * 
frequency response 100 c/s— 
25 ke/s at 15 i.p.s. 











For further details of this and other equipment write to : 
DATA RECORDING INSTRUMENT CO LTD 


WOODTHORPE ROAD, ASHFORD, MIDDX. TEL : ASHFORD 5776-9 
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For Versatility and Proven Reliability 


choose 


MARCONI 
TEST EQUIPMENT 





A section of BEA’s Radio Development 
Laboratory at London Airport, showing Marconi 
Test Equipment being used for measurements 
at V.H.F. On the right of the engineer is the 
Vacuum Tube Voltmeter TF 1041B, an accurate 
and most stable instrument which has a frequency 
Tange extending from 20 c/s to 1,500 Mc/s. 
peng oe drape behets Ty For the maintenance of high operating standards, the 
A.C. and D.C. multipliers available. For full communications and navigational aid systems used in 
details, please write for Leaflet J 195 British See Airway’s fleet of 100 plus aircraft depend 
' ‘ largely on Marconi Test Equipment. 

Reliability and ease of manipulation are essential to the 
hundreds of settings and measurements made each day in 
the Overhaul Workshop and the Development Laboratory 
at London Airport. The many applications and techniques 


of modern airborne equipment necessitate accurate 
measurement of voltage and power at a wide range of levels, 
and at frequencies varying from d.c. to hundreds of 
po ees xact measurement of inductance, capacitance 
and impedance is also essential and, of course, precision 


| ae S T & U ed a he T Ss signal sources are constantly in use. It is not surprising, 
therefore, that Marconi Test Equipment, largely owing to 
its versatility and proven reliability, comprises 59% of 

BEA’s total requirement. 


THE INTERNATIONAL CHOICE FOR ELECTRONIC MEASUREMENT 


AM & FM SIGNAL GENERATORS - AUDIO & VIDEO OSCILLATORS - FREQUENCY METERS -VOLTMETERS - POWER METERS - DISTORTION METERS 
TRANSMISSION MONITORS - DEVIATION METERS - OSCILLOSCOPES - SPECTRUM & RESPONSE ANALYSERS - @ METERS & BRIDGES 





London and the South: Midlands : North: 
English Electric House, Strand, W.C.2 Marconi House, 24 The Parade, Leamington Spa 23/25 Station Square, Harrogate 
Telephone : COVent Garden 1234 Telephone : 1408 Telephone : 67455 
Export Department Marconi instruments Led., St. Albans, Herts, England. Telephone : se Albans 59292 


REPRESENTATION IN 68 COUNTRIES 
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In fact the finer the tolerance, the greater 
your confidence in the precise, accurate 
measurement of your Shardlow Micro- 
meter. Constant attention to engineers’ 
problems the world over, has brought 
about refinements making the Shardlow 
Micrometer even more accurate and easy 
to read. This is featured in the Oblique 
Line Sleeve, which eliminates line reading 
errors of .025” (.5mm), and can be speci- 
fied, at no extra cost, when ordering an 
internal or an External Micrometer, but 
be sure it’s a Shardiow — 





SHARDLOW MICROMETERS LIMITED veneer 





Why will @ dive with Dreadnought? 


Amongst the vast array of modern equipment in Dreadnought’s 


hull will be an NBD Voltage Regulator controlling vital electrical 
equipment. 





When Britain's first nuclear submarine makes her maiden 
voyage, NBD will be there. 


@ Servo Motors @ Rotary Transformers and Convertors 
@ Transistor Convertors @ ugh Frequency Alternators 
( t 


@ Motor Generator Sets © 3,000 c.p.s.) 
@ Automatic Voltage @ Permanent Magnet Alternators 


Regulators 











—_— — 
+e : a 3 = 2 
NEWTON BROS. (DERBY) LIMITED, ALFRETON ROAD, DERBY. 
Telephone: Derby 47676 (4 lines). Grams: DYNAMO DERBY. 


London Office: IMPERIAL BUILDINGS, 56 KINGSWAY, W.C.2. 
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New! Dramatically Different: 


* SEND FOR LEAFLET 


FARNELL INSTRUMENTS LTD. 


LIGHT INDUSTRIAL ESTATE - YORK ROAD 
WETHERBY - YORKSHIRE 
Telephone: Wetherby 2691/2 


Our Sales Engineers are resident throughout the United 
Kingdom and will be pleased to call and discuss our 
equipment with you. 
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The N.G.N. Catalogue illustrates and 
describes a growing range of equipment 
especially designed oe 
for the High Vacuum Industry... 


high vacuum equipment 


WRITE NOW FOR THE TRADE’S MOST HELPFUL CATALOGUE 


manufacturing techniques result in a 
range of components and equipment 
unique in their efficiency, adaptability 
and convenience. 


N.G.N. 
ELECTRICAL 


range 
which is already approved and ca by 
leading high-vacuum engineers all over 


ROTARY PISTON PUMPS 
DIFFUSION PUMPS 

COMBINED PUMPING UNITS 

RESIN IMPREGNATING PLANTS 
QUARTZ CRYSTAL COATING PLANTS 
BAFFLE VALVES 

HAND OPERATED VALVES 
ELECTRO MAGNETIC VALVES 

LOW TEMPERATURE TRAPS 
COUPLINGS & UNIONS 

VACUUM MEASURING EQUIPMENT 
NYGON SEAL MATERIAL 





the .world. N.G.N.’s special, highly- Write NOW to our new factory for Nr. ACCRINGTON, LANCASHIRE 
expert design combined with their new N.G.N. Catalogue No. 881/20. 


LIMITED 


CHURCH BANK WORKS, CHURCH, 


Telephone: Accrington 35611-2 


tanet8 Nae ih cl il i a aia 











NEW COMPANY 


PROTOTYPE 


units manufactured from circuit diagrams, 
without layout drawing office charges. 


AND 
PRODUCTION 


items to clients drawings completed 
quickly, and to delivery dates 


FACILITIES _ include sheet metal, coilwinding, wiring 
shop for cable-forms, chassis and tag 


boards. (Valve or transistor) 





LUNARTRON 
ELECTRONICS LTD., 
42, LANGLEY ST., 
LUTON, BEDS 


TELEPHONE: 


LUTON Illl 
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“NUX” 
patent fasteners immediately 
overcome the difficult problem 
of attaching components to 
sheet metal. Locking of the 
fastener in the sheet metal is 


NIU xX 


SYSTEMOF re 
en es ett, 


fasteners are avail- 
METAL FASTENERS able in four standard types 
and a range of sizes to meet 
all requirements. They are 
easy to fix in sheet metal, 
ferrous or non-ferrous, up to 
10 gauge (0.125 in.) available 
with threaded or plain bore. 





Ask for brochure 


TALBOT TOOL 
COMPANY LIMITED, 
Grip Works, Roedale Road, 
BRIGHTON, SUSSEX. 


Grams: GRIPTOOLCO, BRIGHTON. 
Phone: BRIGHTON 56833 (3 lines). 


% 


Td 


EE 38 177 for further details 
OCTOBER 1961 


weet 


QUE ea ELE ee eS ene s 


eek a 


Dn Pema 


Pee 


ee 


LF One ATRL AMERLRI N49 i aaa Ui iia naeaushwenehnaed he Moke cebetes Pte 





EE 38 178 for further details 


a unique source of 
INFORMATION on 
scientific instruments 


There are two kinds of knowledge; knowing and ‘knowing where to find out’. With science and tech- 
nology developing so rapidly no one can hope to be fully informed on every worthwhile new technique 
or new equipment. 


Here are three ways in which ‘knowing where to find out’ can help you: 


(1) If you already know the answer to your problem but don’t know who makes the 
most suitable equipment SIMA can tell you. 


(2) Ifthe answer to your problem depends on whether someone has already developed 
suitable equipment, SIMA will know if it exists and can tell you where to get it. 


(3) If you just have a problem, SIMA can often tell you whether someone has already 
found the answer to it and has developed equipment to meet it. 


Where do SIMA get their information? 


From two sources. One is the British Scientific Instrument Research Association (BSIRA) which 
maintains a comprehensive library of catalogues. The other is the membership, consisting of 
over 180 companies engaged in all these fields of instrumentation. 


OPTICAL & OPHTHALMIC LABORATORY & ANALYTICAL 
ELECTRONIC & NUCLEONIC MEDICAL & X-RAY 

ENGINEERING & INDUSTRIAL KINEMATOGRAPHIC 
NAVIGATIONAL & SURVEY PROCESS CONTROL & AUTOMATION 


The Scientific Instrument Manufacturers’ Association could be your most valuable source of such 
information and you will find them very helpful on any question about scientific instruments. 


the SIMA enquiry service 


Over 180 manufacturers with one address 


SCIENTIFIC INSTRUMENT MANUFACTURERS’ ASSOCIATION OF GREAT BRITAIN 
20, QUEEN ANNE STREET, LONDON, W.1. 
Telephones—Secretariat Langham 4251 Enquiry Service Imperial 6000 


Space donated by member: RACAL INSTRUMENTS LTD., Bracknell, Berkshire, England. 
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ERSIN MULTIGORE 5-CORE SOLDER 

The A.I.D. approved type 362 flux, incorporated in Ersin 
Multicore 5-Core Solder, is very effective on heavily oxidised 
surfaces and often allows the use of a lower tin content alloy. 


Ersin Multicore 


9 standard Pa and 6 alloys. Even 
in 2 alloys on 1 Ib. and 


are availab 


CONSTITUTION OF ALLOYS OF 


ERSIN MULTICORE SOLDER 


The diagram shows that all 
the standard alloys of Ersin 
Multicore Solder have a 
ge range, i.c., on heating 
are pasty between the 
solid and fa uid states. Prac- 
tical experience has shown 
that there are advantages in 
having a plastic range, e.g. 
for tag jointing where the 
use of 60/40 alloy obviates 
fractures which may occur 
with other alloys where there 
is slight vibration while the 
solder is setting solid. 


MULTICORE 


SOLDERS 





s-Core Solder is supplied on 7 Ib. reels in 
uges from 24-34 S.w.g. 
Ib. reels. 


TRG POINT OF LEAD 327°C) 
J 














PERCENTAGE OF TiN Sates POINT OF TIN 2320) 


LIMITED MULTICORE WORK 


(left) after 10,000 joints with Savbit. 
(centre & right) after 1,000 and 7,500 
joints orey with standard tin/ 
lead alloy. 


PRINTED CIRCUITS 


Leaflet P.C.L. tor gives full 
details of a co ~ 54 soldering 
foes ess developed by Multicore 
boratories for printed circuits. 


SAVBIT TYPE 1 ALLOY 


Made under sole British Licence of 
Patent No. 721,881. 

Savbit Type 1 alloy was developed 
after extensive research in the 
Multicore Laboratories into the 
main causes of bit wear. It incor- 
porates a small percentage of 
copper which prevents absorption 
of copper from the bit into the 
solder alloy. After prolonged 
tests, it was found that the life of 
solder bits was increased by up 
to 10 times. The speed of solder- 
ing is not affected, 


SPECIAL ALLOYS 


4 special alloys can be supplied 

or particular purposes: 

Comsol with a high melting point 
of 296°C. 

T.L.C. alloy with a melting point 
of 145°C is made from tin, lead 
and cadmium. 

P.T. (Pure Tin) alloy, with a 
melting point of 232°C, is 
lead-free. 

L.M.P. alloy, with 2% silver 
content, which melts at 179°C 
for silver-coated components. 


PUBLICATIONS 


Laboratory engineers and technicians 
are invited to write on their company’s 
letter-heading for the latest edition 


of Modern Solders. 


It contains data 


on melting points, gauges, alloys, etc. 


Ss, HEMEL 


MA 


HEMPSTEAD, 


HERTFORDSHIRE 


TA 4902 





platform - gear - torque - differential - breadboard 


servokits 











reduce 
eccentricity 
with split-hub 
gears 


6. HAMPTON COURT PARADE, EAST MOLESEY, SURREY. 
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. are standardized Mechanical Com- 
ponents for mechanical designers and 
servo engineers. 

Gears — Bearings — Mountings 
Shafts — Differentials — Platforms 


FROM STOCK 





rie 


ELECTRONIC ENGINEERING 





SYNCHRG 
TRAINER 


* » 
e@ @usee 


Training Equipment too... 
Prototype Servo Gearboxes to order 
—FROM 4 WEEKS DELIVERY 


PIONEER DESIGNS LIMITED, SERVOKITS DIVISION. 


Phone-Molesey 2810 
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How to make a Gilt-edged Investment 


Ordering printed wiring edge connectors should be PRINTED WIRING CONNECTORS 
regarded as making an investment. Your investment SINGLE-SIDED BOARDS 

can be gilt-edged if you specify CONTINENTAL— ond" whites gjuue a - ee 
CONTINENTAL can offer you a wider range of printed $1% 062 sie%e4ha%0  Sd00 Boek tetadeacs 
wiring connectors than any other manufacturer and = 9.300 8.003 7 Tah ie 7” Ey other types are available 
this range includes the new international standards. @contactomitted) =» 0,150 0.062 1dadZeingle-sided 
All are gold plated but can be offered in many 20 003 “eis” 0.156 0.062 Séways double 
variants to suit your particular application aa se A A IO 
Please write for leaflets, outlining your requirements °°P®°°10"* Micro ine lature pluas, Taner bin terminal locks. 


Miniature plug & socket connectors. Sub 
Hermetic- 
sealed miniature plugs. Taper-pin terminal biocks 


FOR BUILT-IN QUALITY AND RELIABILITY, SPECIFY Continental Connectors 


CONTINENTAL CONNECTORS LTD - INDUSTRIAL ESTATE - LONG DRIVE - GREENFORD - MX - (WAXIow 5721-7) 
ASSOCIATED WITH THE ULTRA GROUP OF COMPANIES 


DOUBLE-SIDED BOARDS 
Number 
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LUD wg 


the most efficienk O& 


@DZUS lock or unlock 
instantly in a simple 
quarter-turn 

® DZUS are vibration-proof 

®@ DZUS are simple, sure and 
secure 

® DZUS are ideal for hinged or 
removable parts needing 


frequent attention and 
fov the Engineering Industry“ 


DZUS Fasteners offer the most effective, most efficient, 
and quickest form of fastening for scores of vital uses in 
the Electronic field. 


Write for full details of applications in your industry to: 
DZUS FASTENER EUROPE LTD - FARNHAM FACTORY ESTATE - GUILDFORD ROAD - FARNHAM - SURREY 





Resistance wires and tapes for all resistors 


VACROM o.c0.-crnon 
EUREKA .......... 


Supplied bare or with standard coverings 
of cotton, stik, rayon, enamel and glass. 


insulated wires bare wires. 
THE LONDON ELECTRIC WIRE CO. & SMITHS LIMITED - LEYTON - LONDON €.10 


VACTITE WIRE COMPANY LIMITED - LINACRE LANE - BOOTLE 20, LANCS 
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The best insulation 
for very high temperature 
working is based on 
‘Fluon’ p.t.f.e. 








Section through a stator for use in a nuclear submarine, showing ‘Fluon’ 
.t.f.c./glass/mica insulation which was lied by vacuum impregnation by 
otax Ltd., Willesden Junction, London, N.W.10 

(Below) The complete stator. 


When electrical equipment must withstand long periods of 
continuous operation at temperatures well over 150°C, such 
as in jet aircraft, or nuclear submarines, very few insulating 
materials are of any use. Practical experience shows that the 
best combination is ‘Fluon’ p.t.f.e. strengthened with mica 
and glass. This combination is now being successfully used 
at temperatures as high as 250°C. 

‘Fluon’ is a tough, flexible I.C.1. plastics material with 
excellent electrical properties and a working temperature 
range from at least as low as that of liquid nitrogen up to 
250°C. It is also immune to virtually all forms of chemical 
attack and has very low coefficients of friction. If you would 
like more information about the use of ‘Fluon’ as a high 
temperature insulant and the Technical Service available, 
any I.C.I. Sales Office will be glad to help you. 


- : 
. a en oe @ My ‘ie 

‘Fluon’ is the registered trade mark for the 

polytetrafluorcethylene manufactured by 1.C.I. 


IMPERIAL CHEMICAL INDUSTRIES LIMITED - LONDON - S.W.1 
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_ Write for your 
| free copy now 
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\ TEL: SYDENHAM 3111 
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PAPST-FAN AHV 110 


HIGH EFFICIENCY FAN FOR COOLING 
ELECTRONIC UNITS, 

MEASURING INSTRUMENTS, 

AND OTHER DEVICES. 


PAPST-MOTOREN KG 
(I7b) ST.GEORGEN/SCHWARZWALD 
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— ee JOHN BMI 


i LrD. 


209 SPON LANE WEST BROMWICH STAFFS. 
TELEPHONE WES 2516 
"MITRE MILLS RICHARD STREET BIRMINGHAM? 
TELEPHONE ASTen Cross 2218 (4 limes) 
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THREE NEW 


GERMANIUM PNP 


ALLOY-DIFFUSED 


MESA TRANSISTORS 


TO COVER ALL V.H.F. & SWITCHING APPLICATIONS 
FOR HIGH GAIN I.F. AMPLIFIERS AT 


465 kc/s and 10 Mc/s 

20V Collector Rating GS 

100 mW Dissipation 2 a O 7 
80 Mc/s f; 





FOR V.H.F. AMPLIFIERS & OSCILLATORS 


HIGH GAIN I.F. AMPLIFIERS AT 38 Mc/s 
20V Collector Rating 26402 


100 mW Dissipation 
10dB minimum gain @ 100 Mc/s 





FOR FAST CURRENT-MODE SWITCHING 
AND PULSE APPLICATIONS REQUIRING 


FAST RISE TIMES 

40V Collector Rating 2 GS 403 
100 mW Dissipation 

130 Mc/s fr 


HERMETICALLY SEALED TO-5 case FOR COMPLETE RELIABILITY UNDER ALL CONDITIONS 


COMMUNICATIONS - COMPUTERS - PROCESS CONTROL 
MEASUREMENT: INSTRUMENTATION 
Send today for full details of these significant new transistors 


TEXAS i INSTRUMENTS 


LIMITED 
MANTON LANE - BEDFORD - ENGLAND 


BEDFORD 67466 : CABLES: TEXINLIM, BEOFORD 
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' MAR - 


DESIGNERS’ GUIDE 


designin 
wit 
semiconductors ? 


Mullard Designers’ Guide 
provides invaluable up-to-date information 


for all semiconductor users 


Constant research and development by Mullard is providing a stream of new and improved types of 
semiconductor devices. This can mean that your latest problem has been solved for you and that the 
particular device you have been searching for is now available. You are regularly kept informed of 
up-to-date progress in semiconductors through the Mullard Designers’ Guide. This extremely useful 
publication contains abridged data on every Mullard transistor, diode and rectifier recommended for 
new equipment designs. The information is set out for quick and easy reference and is brought up to 
date every four months. To benefit from this unique technical service, drop a line to Mullard House on 
your business notepaper, quoting reference 03810, and you will be placed on our regular Designers’ 


Guide mailing list. 


ELECTRONIC ENGINEERING 


semiconductors 
for industry 





MULLARD LIMITED 
Semiconductor Division 

Mullard House - Torrington Place 
London WC1 

Telephone: LANgham 6633 


S 
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COMPUTER | =r 
TRANSISTORS | TEXAS 


FOR MEDIUM FOR FAST 
SPEED COMPUTERS COMPUTERS 


FOR FOR 
CORE DRIVING CORE DRIVING 


(up to 1 Mc/s digit rates) (up to 50 Mc/s digit rates) 


2G301 - 2G302 2N711 


2G303 - 2G304 2G103 - 2G104 
- High Frequency - High Current 50mA - 300 Mc/s 


2G306 
fy = 12 Mc/s (min) 


2G240 2N696 - 2N697 
Ic = 3A Ves= 80V fy = 40 Mc/s (min) 
fy = 15 Mc/s (min) Ic = 500 mA 





FOR ALL COMPUTERS-TEXAS 


Data Sheets and Application Information are available on all TEXAS semiconductor devices, which include: 


PNP Germanium Transistors Computer. U.H.F- Power PNP & NPN Silicon Transistors 


Silicon Zener Voltage Regulators 
Silicon Rectifiers & Diodes 
High Voltage - Signal - Computer- Photo- Zener 


TEXAS I 





Switching - Signal - U.H.F - Power 
Silicon Controlied Rectifiers 
Tantaium Capacitors 


INSTRUMENTS 


LIMITED 
MANTON LANE + BEDFORD « ENGLAND 


BEDFORD 67466 - CABLES: TEXINLIM, BEDFORD 
91 A43 
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Special Works Memo 


TO.___Produotion Engineering and Process Control Depts. 











Sr coca 


FROM. __ Chiet Engineer, Special Projects Division. 
carried out on two new Armstrong Whitworth 
Equipment Products. Results have been excellent and these 


items might well be the answer to several of our problems. 
Preliminary details are:- 








(1) Avro Hi Temperature 


Strain Gauges 


Strain or minute structural 
variation measurable accurately 
at temperatures up to 1,000°c, 
verse resistance cross 





recloth backing 
around small radii. Fixing 
is by proven adhesives. Illustration 
typical hot point use for 
gauges. Note that temperature 
compensating thermo couples may 
be supplied built into each gauge! 


(2) Limitea Angle Tacho- 
Generator 


Operates on a 30° angle about 
& mid position. 
Size 1" rotor (2" nominal dia. 
case 3.75" jong). There is also a 
5S” diameter rotor generator 
for special order, 
Sensitivity 5 volts/radian/sec. +154 
Load 27 kil-ohms 
ey response 3 db down at 

37 oycles/sec. 

inding resistance 1,680 ohms i5% 
Operating torque 500 gm. om. 
Direct lever drive eliminates 
gear back lash discrepancies. : 
Illustration shows use for velocity feed-back measurement on 
Swash-plate pump driving large machine tool. 











SR SN SIA Li Gti SRW oc at acaie 
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READILY AVAILABLE AT LOW COST 
FOR USE IN ALL HIGH PERFORMANCE EQUIPMENT 


GV7013 CV7040 CV7045 


Peak Max. Mean D.C. Max, Reverse 
Inverse Forward Current Current @ P.I.V. 
Description Voltage 
P.I.V. @ 25°C @ 25°C Ip 

(V) (mA) (HA) 





CV7013 Diffused junction 400 400 0-2 


me silicon diodes 

CV7040 housed in the 200 0-1 
CV7045 Moly/G* small 9) 400 0-2 
hard glass, double 
CV7046 ended package 400 0-2 




















@ Suitable for automatic assembly on printed bp High thermal conductance of molybdenum heat 
circuits because of standard size and shape, sink maintains junction at lower temperatures 
and magnetic leads. and improves reliability. 


@ Special Texas MOLY/G* molybdenum-to-hard @ Matched thermal expansion of molybdenum 
glass seal gives extra resistance to severe and hard glass envelope eliminates differential 
mechanical shock. heat strain. 


@ Long leakage path makes the devices particu- @ The only range of devices of their kind in 
larly suitable for equipment used in industrial mass production in this country—now. 
conditions and at high altitudes. 


UNRIVALLED QUANTITY PRODUCTION EXPERIENCE 
GIVES TEXAS DEVICES UNGHALLENGED RELIABILITY 


%* Trade Mark 


TEXAS ° INSTRUMENTS 


l| LIMITED 
MANTON LANE - BEDFORD -: ENGLAND 
BEOFORD 67466 - CABLES: TEXINLIM, BEDFORD 
210/A 











specifications 








- from NEWMARKET 


There's bound to be a Magnetic 

Devices Relay to meet your requirements. 
We manufacture over 50 basic MAG a ETI Cc 

standard types, each one available for 

operation on various A.C. 


2c DEVICES 
Contact assemblies are for light, 


medium or heavy duty, with make, 


break, change-over or make before cd | LAYS 
break operation. 


Relays can be open, enclosed, or 
hermetically sealed. 
They can be supplied with wiring tags, 


plug, and pin bases or for if you still cannot find a suitable relay in this range, phone 
Printed Circuit Insertion. Our engineers and discuss your problem, it is most likely 


Our catalogue contains full details of they will be able to help. 
the complete range of relays. 


SERIES 100/105 RELAY ERIE SERIES 314 

General purpose A.C. or D.C. electronic and Designed to comply with M.O.A. 
Silent on A.C. Contact insula- automation . R.C.S. 166. Dimensions: 
tion up to 440v A.C. Dimen- 0. Contacts ex" xi’. 

sions:— 2§" x 14” x 244" max. “0. duty. : For operation on 0.C. up to 48 volts. 
_ — voltage 440v A.C., x 


types with weldat hook 
headers available. 


SERIES 355 REMANENT RELAY SERIES SERIES 600 £.& H./605 E.8 8. RELAY 
Based on the Standard B.P.O. Hermetical Of vere 


! 
3000 type this is fitted ee ea oe special , Cones tone version of Sorieg 80/5. Available 


high retenti as Blug- -in relay bm. 9, 11 or 14 
magneti “Latch . the printed circuit. Spacing n headers or w solder hook. 
sigs ” ah forms to the 0.1 inch grid. tole changeover A.C. relay. 


MAGNETIC DEVICES LTD - NEWMARKET - ENGLAND 
Telephone: Newmarket 3451 (10 lines) Telegrams: Magnetic Newmarket 
P6370 





AEI focus on... 
ANEW ea | 
SOLID STATE MICROWAVE SWITCH 





OUTSTANDING FEATURES 


* LOW-VOLTAGE OPERATION 

* LOW POWER CONSUMPTION 

* SMALL SIZE:AND LOW WEIGHT 

* EXCELLENT FORWARD TO BACK ATTENUATION RATIO 





1OS 


FOR MICROWAVE SWITCHING, MICROWAVE DIODE PROTECTION, CW AERIAL 
SWITCHING AND CW SIGNAL MODULATION AT BANDS FROM S TO X INCLUSIVE 


ADVANCE INFORMATION 


FEATURES 


1.5V operation for 25 db of attenuation. High voltage sup- 
plies not required. Its lightness and ruggedness lends itself 
to applications where weight and space are at a premium. 


LS di 


ry 
- 


3 
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TYPICAL SPECIFICATION 





\S 


1 AA 
A’ 


Operating Voltage :— 1.5 volt max. 
Operating Current :— 20 mA max. 
Insertion Loss :— 1 db max. " 
Attenuation range :— 1 db to 25 db* ag | eae 
Power Handling Capacity | | 

(a) pulsed line power :— 500 watts peak max. wm pnsouency m/sec — 

(b) CW line power 10 watts max. V2.G A. Frequency Renpenss for Po Dah Supe 
Bandwidth (fixed mount)t :— 100 mc/s 
Minimum switching time :— 0.5 microseconds max.° 








* corresponds to varying the applied voltage between 0 and 
1.5 volts. 

+ tunable mounts will be available shortly to cover S and X 
bands respectively. 

° depending on power level. 
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' 2 3 4 5 6 7 8 
JUNCTION CURRENT mA 
Attenuation—Junction Current Graph for P-N Switch 
Type BS .336 























PLEASE DON'T TEAR OUT THIS 
ADVERTISEMENT — 


Others will want to see it. If you 
would like to have full details of 
these or any other AEI electronic 
components for that matter, all 
you have to do is write to AEI 
at the address below. Data sheets 
with detailed infor- 

mation will be sent 

to you without 

charge 





DON’T DEL AY—write 
now and be sure of 
receiving latest news 
of these and other AE! 
components as they 
become available. 


y.¥--teledi-ha-1e Mm —al-letlalet-limisle|el-j¢al-1-m Ma lealia-te| 


ELECTRONIC APPARATUS DIVISION, VALVE & SEM! CONDUCTOR SALES DEPT. 
CARHOLME ROAD - LINCOLN - TEL: LINCOLN 26435 
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DIRECT DIGITAL DRIVE 


GCA 10G 
DEKATRON* 


For more detailed information please write to 


TUBE DIVISION 


BEESTON - NOTTINGHAM 


*Registered Trade Mark 


GR 10h 
DIGITRON* 


ERICSSON TELEPHONES LTD-HEAD OFFICE-22 LINCOLN'S INN FIELDS-LONDON WC2 
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DIFFUSED JUNCTION SILICON DIODES 


108 SERIES 
These four new hermetically sealed rectifiers feature 
extremely low reverse leakage (5001 A at rated 
P.I.V. at 150°C). Units will give up to 1.8 amps 
on a heat sink or 1.3 amps without heat 
sinks in air. Operating temperature range —65°C to 
10B SERIES +175°C. P.I.V. range from 100 to 600 volts. 


1N483A TO 1N488A 
The all-new International Rectifier glass diodes, 
incorporating the latest silicon diffused 
; junction techniques. Power dissipation of 0.250 watts 
1N483A TO 1N488A i 4 at 25 C; 0.125W at 150°C. Operating temperature 
range —55°C to + 200°C. Nominal frequency range 


; 0 to 100 kilocycles. P.I.V. range 70 to 380 volts. 
I ar 5A SERIES 
A completely new series of diodes featuring 
5A SERIES j ; a forward current rating of 1 amp and a P.I.V. 
} f range of 200 to 600 volts. The reverse current 
| is only 200uA at 100°C case temperature, and 


the diode will handle a surge current of 50 amps 

for 1 cycle (60 c.p.s.). The case is non-metallic and 

the temperature range of the device is —65°C to + 130°C. 
Oversize leads give added strength and eliminate heat sinks. 


W OEMIGONDUCTORS 


1N429 VOLTAGE REFERENCE ELEMENT 
A totally new miniature voltage reference 


Actua/ size 


‘ element, 200mW rated, with a stability 
of + 0.006% /°C or better over the 
temperature range —55°C to + 100°C, 
1N429 __ but only 0.230” (max.) diameter 
x 0.36” long, excluding leads. 


XSRC SERIES 5 AMP. CONTROLLED RECTIFIER 


A new range of silicon controlled rectifiers 
available in a P.1.V. range of 

50 to 400 volts. Rated at 5 amps, 

these devices have a surge rating 

of 60 amps for 1 cycle (60 c.p.s.) and 


© ‘ 
have a forward voltage drop of only 0.8 volts. 
! QZ SERIES 250 mW ZENER DIODES 
( High stability and excellent voltage regulation 
G2 Comes over the temperature range from —55°C to + 150°C is 
‘ provided by this new range of glass zener diodes. Rated at 
j 250mW they cover the range from 3.3 to 27 volts. They 


are available in + 5%and + 10% voltage tolerance. 


X5RC SERIES 


Actual size 


Write for bulletins SR-2012 and XSR-353. 


INTERNATIONAL RECTIFIER COMPANY =§3>= 


(GREAT BRITAIN) LIMITED - OXTED - SURREY - Oxted 3215 


Associate company of international Rectifier Corporation 
U.S.A. and the Metal Industries Group, Great Britain. 
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FLEXIBLE 


WAVEGUIDE 
FROM 


MD 


Microwave 
Division 


ELECTRONIC ENGINEERING 





mmob a-Wclll) >) = 





ie | 
Ti 
ae, SO 
Write or ‘phone for the new 


Flexaguide catalogue avail- 
able now from our Sales 


Office. 
THE 


GROUP OF COMPANIES 


OCTOBER 1961 
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OS 


H.F. COMMUNICATIONS RECEIVER 


“T/4” a eehdions 
with robustness ‘of construction it is used by the 
throughout the World. eh : 


wlan topniint 6 teolen MAb he peated coe. 
munications :-— 
a5 of 4 ting: minimum of operator fatigue. 


Sen ae ee 


* CY valves used throughout. 
+ Suitable for 24-hours-a-day operation. 


* pal constructed, the ‘730/4”’ stands up well to hard usage 


* pe sbeda salable 730/6"") 
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WHATEVER THE P.R.F-.- 


Stand 47 


Electronic Computer Exhibition 
Olympia, 3rd-12th October. 
Mullard will be displaying working 
exhibits including :— 


High speed logic circuit 
High speed logic circuit with 
high branching factor 

An inexpensive capacitive 
decimal counter. 


semiconductors 
for industry 











MULLARD LIMITED Mullard House, Torrington Place, London, WC1 Telephone Langham 6633 
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IT’S BETTER LOGIC WITH 
MULLARD 
SEMICONDUCTORS 


Specialists in transistors and diodes for computers, Mullard offer an approved type for every applica- 
tion—and their already wide range is continuing to grow fast. 

Since producing the 50 kc/s OC71 transistor and OA81 diode, Mullard have advanced through the 
500 kc/s to 20 Mc/s p.r.f. spectrum and are now close to 100 Mc/s! Mullard are continually extending 
the range of possibilities open to computer designers and manufacturers by producing not only 
progressively higher speed devices but also by increasing the already high degree of reliability offered 
by every device. Mullard are boosting operational speeds and cutting computer ‘down time'— 
Mullard are worth watching ! 


THIRTY WAYS TO CUT COMPUTER ‘DOWN-TIME’ 


TRANSISTORS DIODES 





+ — 


LOGIC STORAGE LOGIC STORAGE 


ACY17 BOZ11 AAZ15®+ 0A91+O0A200 

ACY18 oOCc202 O0C23/24 OA81 OA5® OA202 OA10 

ACY19 00139/140 OA5 + 
500kc/s OC41 BFZ10 OA5® OA47 @+ 

0c42 AAY12® AAY11+ 

0043 AAZ15@+* te 

0C139 AAZ17®+ OA86 develooment 

00140 OA81 OA91+ 


5Mc/s a. Sa OA47®+ AAZ17@+ 


20Mc/s A8Z21 
AUY10 AAZ13@+ 


100Mc/s UNDER INVESTIGATION 








Silicon Types Germanium Types @ Gold Bonded Type + Subminiature Type 


@ MIS37 
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j 


‘LOVOLT’ ; Ss 


oe 


Ss ‘HEAVY DUTY’ 

ISOLATING peste ISOLATING 

TRANSFORMER TRANSFORMER 
2 x 12V, 4 Amp at 200/250V, 200 Watt at 


47/6 


An essential guard against electric shock hazards, our 
Bench Isolating Transformers are carefully constructed 
and tested to ensure a very high degree of safety. 
The ‘‘Heavy Duty’ Type supplies equipment under a 
test, whilst the “‘Lovolt’’ Type is recommended for Ontaing 


Soldering Irons and Bench Lamps. c OmPonrer Qual 
EN 


i 


Remem 


FReadiospares Ltd. 


RS 48 MAPLE STREET- LONDON: WI - ENGLAND 
Telephone: EUSton 7232 (8 lines) 
TELEGRAMS: RADOSPERES, WESDO, LONDON CABLES: RADOSPERES, LONDON, WI 
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~ Forthat 
special job! 


“SL’ Desk Type 
Cases 


SP E64 1 FY 


Designed to perform their function most efficiently, Datum 


CS A bs &. S standard instrument cases also present a trim, 


businesslike appearance. Give your equipment that 


immediate appeal which brings quick sales. 


Fabricated from the finest quality zinc-coated steel. 
Engineered for maximum strength-to-weight ratio. 
Complete interchangeability ensured by special tooling. 
Wide choice of panels, chassis and handles, 


Completely versatile air control arrangements. 


Cases 
CABINETS - CASES - CONSOLES - CHASSIS UNITS 





—ti] 
==" DATUM METAL PRODUCTS LTD. | jictes Nee(25! 

COLNE WAY TRADING ESTATE - WATFORD-BY-PASS - WATFORD - HERTS 
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HUMIDITY 
CABINETS 


Ministry Approved for 
Climatic Testing 


Catalogue No. 755 R Humidity Cabinet with automatic control and refrigeration. 


Hedin Humidity Cabinets have been Ministry 
approved for both RCS11 and K114 specifications, 
and are available for (1) climatic testing of 


electrical and electronic equipment; (2) durability 


testing of plastics, 


rubber, paper, chemicals, 


containers, confectionery and protective coatings. 
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—@. r.i.c 


is not just another valve voltmeter: it has several unique features. 
As a voltmeter, with ranges of 0.5 to 2,000 volts full scale, the input 
impedance is so high that capacitive attenuators are used for the higher 
voltages, and a ‘memory’ retains voltage readings, if required, for 
several hours. On current ranges, from 0.5 to 2,000 micro-amperes full 
scale, the terminal voltage is only 5 milli-volts. The instrument also 
has six resistance ranges with 1,000 ohms to 100 megohms at centre 
scale. To relieve the tedium of routine work, a pen recorder can be 
connected to the instrument for continuous monitoring. 


SOUTHERN INSTRUMENTS LTD 


FRIMLEY ROAD ~ CAMBERLEY * SURREY 
TELEPHONE CAMBERLEY 3401 





SOUTHERN 











* Construction is of stain- 
less steel and aluminium 

* Automatic control 

* Standard range of sizes 
=<: x TT". w& 
6’ x 6 x 6 





* Refrigeration available 
on all models 

* Non-standard units to 
special requirements 

* Designed for easy 
maintenance 


%* Comprehensive auxiliary equipment available 


We shall be glad to demonstrate a cabinet 
in our works, or send you our leaflet L. 12 


HEDIN LTD. 


Fowler Road, Hainault, 


Essex. 
Tel.: HAlinault 303! 
WORKS: SOUTH WOODFORD & HAINAULT, ESSEX. 
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A wide range of LAMPHOLDERS for 
use in circuits up to 380v using NEON 
and FLUORESCENT neon lamps or 
low voltage filament lamps are available. 


* Full details and catalogues from: 


NEOFLEX LTD. 


123a NEASDEN LANE, LONDON, N.W.10 
Tel.: DOLLIS HILL 7671 & 788! 
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like this 
We're doing things A with compact cooling 


With every new advance in electronics comes the need 

for new cooling equipment—compact, efficient and 

specifically designed for the job. This challenge is being 

met with outstanding success by Marston Excelsior— 

specialists in the design and manufacture of heat- 

transfer equipment for more than fifty years. Marston 

products for the electronics industry range from 

transistor heat-sinks to complete air- or liquid-cooled 

pressure cans, and new specifications are being met MARSTON EXCELSIOR LTD., 

almost daily. If you have a heat-transfer problem, it pays (a subsidiary company of Imperial Chemical Industries Ltd.) 

to enlist Marston's skill with compact cooling. Fordhouses, Wolverhampton 
MAR. 306 
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Delay & 
Pulse forming 
Networks 


m ENCAPSULATION IN EPOXY RESINS PRODUCES A ROBUST UNIT WITH A 
SATISFACTORY TEMPERATURE CO-EFFICIENT AND HIGH RESISTANCE TO 
DETERIORATION UNDER TROPICAL CONDITIONS. 

m COMPACT DESIGN MAKES A WETWORK OF 10 » sec. IN A BLOCK 
33” x 14” x 14” (AS ILLUSTRATED) POSSIBLE. 

™@ DELAY VALUES UP TO 10 » sec. WITH IMPEDANCES from 70 © to 10K © 
and WITH TAPPING IF REQUIRED. 

@ REASONABLY PRICED. 

@ DELIVERY OF SMALL QUANTITIES IN THREE WEEKS. 


Full information from:— 


ATKINS ROBERTSON & WHITEFORD LIMITED 


industrial Estate Thornilebank « Glasgow Telephone: GIFFNOCK 1031 
SPECIALISTS IN TRANSFORMERS AND COIL WINDING. 


CORES 


We specialise in the large scale 
production of all types of 
miniature toroidal coils wound © 
on cores down to 50/1000’ 
diameter (as shown below). 





50/1000" OUTSIDE DIAMETER 


Actual-size photograph show- 
ing one of our small ferrite 
ring cores mounted on glass 


base and encapsulated in resin. 

This particular core carries four STORES 

windings of 20, 10, 10 and 5 

turns of 48 s.w.g. enamelled In addition to the manufacture of coils and components 
wire ‘ we undertake the assembly of complex equipment 


Coils such as these are manu- such as this unusual Matrix Store for a 100-channel 


; : ‘i Analyser shown above. 
oy salary bead aged (As supplied to A.E.I. Ltd., Instruments Division) 


NEWPORT INSTRUMENTS (Scientific & Mobile) LIMITED 


Please write for full details 8 CRAWLEY ROAD. NEWPORT PAGNELL - BUCKS ENGLAND 


Telephone: Newport Pagnell 401/2 
EE 38 210 for further details 
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MAGLOY 


Crm 


2nen nao" ets 


supreme in performance « stability * consistency 


Years of research, still continuing, are behind the brilliant, versatile range of 
Magloy magnets offered by Preformations Limited. Exceptional characteristics 
are due to the use of special precipitation hardened alloys treated by the most 
advanced methods known in magnet technology. The extensive manufacturing 
resources of Europe’s most up-to-date magnet foundry assure positive advantages 
for all users. Applications are legion—Magloy magnets satisfy the most stringent 
requirements in electronics, engineering and domestic equipment. 

Preformations Limited offers a unique design engineering service and will under- 
take the research necessary for the development of special magnets to meet specific 
requirements. Write for the Magloy brochure—on company headed notepaper 


CAST PERMANENT MAGNETS 


Preformations Limited 


ONE OF THE [ Plessey | GROUP OF COMPANIES CHENEY MANOR - SWINDON - WILTS 
Telephone SWINDON 6251 Telex 44-365 
@ P.M.t 


please. 
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<P 


The Battery Operated 


POTENTIOMETER 
RECORDER that is 
COMPLETELY PORTABLE 


The applications listed are examples of Potentiometric measuring and re- 
cording hitherto impossible in the industrial field. That they are now possible 
is due to this transistorised instrument which, with its built-in battery power 
supply is completely independent of mains current and leads (with their 
consequential limitations). 

Very few instruments can claim to have had such a marked record of technical 
success in such a wide field of industrial and scientific achievement. The 
MERVYN Battery Operated Potentiometer Recorder claims exclusively to be 
both completely portable and self contained .. . . it weighs only 17 lbs. 


3% Internal Battery Power Supply hasa 3 Transistorised amplifier and volt- 
life of 250 hours age reference from Zener Diode 


# Low Drift Transistor Chopper x Inkless Recording using 7-day 
operating at a frequency chosen to clock mechanism 


minimise 50-cycle interference The ranges acceptable are from 0-5 
%# Battery-driven motor for the combined mV up to o-1 volt, by Interchange- 
Potentiometer and Writing Drive able Range Cards 


AVAILABLE WITH MINISTRY OF POWER 
CERTIFICATE OF INTRINSIC SAFETY 


Write for further information, mentioning ‘Electronic Engineering’, to: 


MERVYN INSTRUMENTS 


WOKING - SURREY - ENGLAND 


Telephone: Woking 5200 


ELECTRONIC ENGINEERING 


Road Construction 
British & Foreign Electrical Boards 
Health Physics 
Tyre Manufacture 
Plating Control 
Paper Production 
Stove Enamelling 
Gas Research 

Low Temperature Control 


Oil Refining 
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arsenic- 


one of the extensive range of 


The growing interest in intermetallic compounds— 
particularly in the III-V series—has created a demand 
jmc specialised products for for a number of metals in an extremely high state of 
semiconductor devices purity. One of the many materials that Johnson 
Matthey can offer to this important semiconductor 
field is grade I arsenic—now available in lump form 
with a maximum metallic impurity content of only 
5 parts per million and supplied in sealed glass tubes. 


Further particulars of this and other JMC materials for 


semiconductor devices now available on request 
One of the Specialised Products of 


Johnson dy Matthey 


JOHNSON, MATTHEY & CO. LIMITED, 73-83 HATTON GARDEN, LONDON, E.C.!. Telephone: Holborn 6989 


Vittoria Street, Birmingham, |. Telephone: Central 8004 75-79 Eyre Street, Sheffield |. Telephone: 29212 
C06 /259 
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“Done already, Dick?” 


“Yes ... wiring doesn’t take long with Kopex, 
you know. Ever seen it? Look. It’s pliable. 
Just cut it, bend it and fix it. Marvellous.” 
Kopex Pliable Electrical Conduit. A significant 
advance in electrical wiring installations. 
Easily bent by hand, remains rigid after 
bending and can be shaped to any radius with- 
out distorting the bore. P.V.C. covered for 
protection against oil, corrosion and suds. 
Ideal for wiring machine tools and special 
purpose machinery in factories and chemical 
plants, etc. 

Kopex couplings are made in a variety of metals, 
and can be used with any standard electrical 
fittings, to make a rigid, permanent joint. Full 
technical information and prices on request. 


P.V.C. covered PLIABLE ELECTRICAL CONDUIT 
(also available without P.V.C. covering) 


UNI-TUBES LIMITED 


Head Office : 197 Knightsbridge, London, S.W.7 
CUT WITH A KNIFE Tel: KNightsbridge 7811/5 


Works: Alpha Street, Slough, Bucks. 
Tel: SLough 254768 


A member of SMITHS Group of Companies 








WB specially designed clothing 
is accepted as standard wear 
for conditions where anti-static 
non-lint-shedding materials 

are essential. WB Kil-burn 
overalls are proofed against oil, 
dust, acid and water and are 
included in the new WB 
catalogue. 

Send now for your copy. 


WHALEY BRIDGE MANUFACTURING CO. (QB) 


Whaley Bridge (via Stockport, Cheshire). Tel: Wholey Bridge 73 
London Office: 205 Regent St., W.!. Tel: Regent (919 








ve 3 % is dm WB.42 
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PRECISION WORKMANSHIP 


is the Keynote... 





HIGH CURRENT TRANSISTOR POWER SUPPLIES 


MODEL OUTPUT CURRENT 
AMPERES 


KTV 310 10 
KTV/320 20 
KTV/330 30 
KTV /340 40 
KTV /350 50 


SPECIFICATION 

Output Voltage: 0 to 30V 
Stabilisation: 1,000 : | 
Ripple: ImV 
Output Resistance: 0.003 ohm 
Overload Cut-out 

Fully floating output terminals 

Silicon and germanium devices used 
throughout 


Model KTV 310 Other transistor power supplies available 





PULSE GENERATOR 


TYPE 302A 


GENERAL PURPOSE 
LABORATORY INSTRUMENT 


$ amp. peak current available in output 0 to 100 volts con- 
tinuously variable output. Fully Regulated Internal D.C. 
supplies. Rise Times of 0.015 uS. Low output impedance. 
Extremely small jitter. 


SPECIFICATION: ' 
Oscillator frequency: 10 c/s to | Mc/s. Also available 


Delay: 0.3us. to 10 ms. 

Pulse Width: 0.1 us. to 10 ms. OSCILLOSCOPES 

Pulse amplitude: 0 to 30 volts into 75 ohms. DOUBLE PULSE GENERATOR 
(positive or negative) 0 to 100 volts into 1,000 ohms. TRANSISTOR ANALYSER 


Square waves: lOcstoIMcs. | STABILIZED POWER SUPPLIES 


es can be synchronized or triggered from an giving voltages up to 15KV and currents up to 50 amps. 














For full information and descriptive literature on other LABORATORY TESTING EQUIPMENT 
call,-write or phone 


KASAMA ELeEctronics LTp 


139-149 FONTHILL ROAD, FINSBURY PARK, LONDON, N.4 
Telephone: ARChway 6160 
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A Unique Service to Industry 


FOR 
DESIGN - RESEARCH 
Cer HIGH PRODUCTION 


VACUUM of FINE ELECTRO-MECHANICAL AND 


INSTRUMENTATION ASSEMBLIES 
Various standard components for high vacuum 
installations are now immediately available. YOUR IMMEDIATE INVESTIGATION 
OFZ DAVALL VERSATILITY WILL 
ROTARY PISTON GIVE YOU THAT BREAKTHROUGH 
PUMPS 
R Pi : Si 
rete oR a ts PHONE NOW- 
better ‘than’ '.00S mm. Hg. ALPerton 101! 
Double stage in capacities of 2, 
4 and 6 cu. ft./minute, with 
ultimates better than .0005 mm. 


Hg. Gas Ballast is a standard 
fitment. 





DIFFUSION PUMPS 


A range of fractionating diffusion 
pumps in sizes of 2”, 4” and 6” 
diameter. Unique jet system 
gives improved speed with 
ultimate pressure less than 
5 x 10°’ mm. Hg. 





Wadsworth Road, 
PERIVALE, 


HAND VALVES GREENFORD, Middx. 


A complete range in both right 
angle and straight through 
patterns is available, from 3° \ : 
to 4° nominal bore. These a Set, \ By courtesy of the Evening Standard 
incorporate our solderless and or sae 
solder type connections. 











Mechanical Relay Latch 
INSTRUMENTS FOR 
Terese cot | P.O. TYPE 


the ranges 150 — .00!, | — .0Ol, 
10 — .001 and .003 — 10°* mm. 3000 
Hg. respectively. 


This Rushing device 
bles the P.O. 3000 


MEASURING 





type relay to be held in 
CONNECTIONS AND the closed position when 


the coil is de-energised 

COUPLINGS and until manually re- 
These Patented Universal Coup- leased. 
lings, make assembly of complete Does not impair the 
pumping plants possible without versatility of the contact 
any soldered joints. Quick arrangements, nor affect 
assembly and dismantling. the normal mounting 
Couplings instantly available for position. 
further use. WILL 

TRIP AND 
HOLD 

ON 

A.C. OR D.C. Mlustrations show 3000 Type 
MAGNETIC VALVES IMPULSE Relay fitted with *‘Remote 
; ” ° ; & “‘Locai"’ release latch. 
In sizes from 4%” to 6” nominal 
bore. Tested to 0.0! lusecs Ministry of Aviation 
leakage rate, and ideally suitable Approved Inspection EITHER TYPE CAN BE FITTED TO 
for automatic or semi-automatic YOUR EXISTING 3000 TYPE RELAYS 
E.1.D. 





systems. IN A MATTER OF MINUTES 


Please send for illustrated leaflet. 





A j . LONDON OF E: “ ve j 
Write for further details to: ,oomom) Gonce: THE “REMANENCE RELAY Details on request. 


MIDLAND OFFICE: 
GENEVAG LTD TEL.: SHIRLEY 45088 
* SCOTTISH OFFICE: "Td HY) - | J 7 
Subsidiary of General Engineering Co. (Radcliffe) Ltd. TEL.: CALEDONIAN 5597 “athe 7 a Y~t3 (e Iiola Y 4) ATA 


PIONEER MILL - RADCLIFFE - MANCHESTER (DEPT’e') TUDOR PLACE, LONDON, W.1 
Tel: RADCLIFFE 3041-2 TELEPHONES >MUSEUM 7960 LANGHAM 4821 


A NEW ADDITION TO THE P.O. 3000 TYPE RANGE] | 
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UNSHAKEABLE 
RELIABILITY 


THE PAINTON BOURNS TRIMPOT TYPE 224 
Wirewound Potentiometer is a high perform- 
ance component, widely specified where 
extreme reliability is of prime importance. 
Excellent shock, vibration and acceleration 
stability are achieved by the self-locking adjust- 
ment screw. -The component is sealed against 
humidity, liquids and potting compounds and 
operates at a temperature of 175°C. Three 
different terminal configurations are available 
(Stranded insulated leads, solder-lugs or 
printed circuit pins). 

Stringent quality control and inspection are 
enforced for each individual component to 
ensure that the tight limits of the manufacturing 
specification are rigidly adhered to. 

Technical details available on request in 
Publication PB1/1. 


Painton 


& CO. LIMITED 
KINGSTHORPE - NORTHAMPTON 


Tel: 34251 (10 lines) Grams: ‘Ceil' Northampton Telex - 31576 
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TELCON METALS LIMITED 


have established the “constant 
current flux reset" testing procedure 


for matching cores and stacks of laminations to close 
limits of magnetic performance for use in transductors 
and saturated reactors. 


This is of particular interest to designers of precision 
control equipment, such as AUTO-PILOTS, STABILISERS AND 
FUEL CONTROL UNITS for AIRCRAFT, INTERPOLATOR and 
ANALOGUE POSITION MEASURING UNITS for MACHINE TOOL 
CONTROL and similar applications. 
Information on the standard range of cores and 
laminations in high permeability and rectangular 
hysteresis loop alloys (tested to this procedure) is This illustration shows Equipment for 
available on request. pda FD 


TELCON METALS LIMITED 


MANOR ROYAL - CRAWLEY - SUSSEX 


Telephone: Crawley 1560 - Telex 8748 - Telegrams: Telcon Crawley, Telex 


Member of the BICC | Group of Companies 


: eho. sake Pee eis es 
Typical cores and Lamination Assemblies 











NEW APM ONE OUNCE 


Vertical injection moulding machine 


APM 25 range of automatic or hand operated machines 


Available in four versions, two fully automatic 
models powered either by hydraulic or pneu- 
matic units, one hand operated model and one 
semi-automatic hydraulic machine. 

All models are available with interchangeable * Ponte on aoe 
cylinders of four different bores, are fitted with 

contact thermometer controls and are capable 
of fast cycling when desired. FULLY AUTOMATIC 


Other popular machines in the APM range FAST CYCLING 
include: 





APM 28 13 oz. max. shot, hydraulically INTERCHANGEABLE 
operated with improved heating CYLINDERS 
control and operation. 


APM 22 3 oz. max. shot, hand operated Bench 
machine. 


ASMIDAR PLASTIC MOULDING MACHINES LTD., 10, Tachbrook Street, London, $.W.1. England. Telephone: ViCtoria 5554 
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Combining precision engineering with rapid re- 
sponse and stability of performance over a wide 
temperature range, Ketay Size 08 Synchros and 
Servomotors have been developed as part of a 
continuous programme to provide miniature com- 
ponents of improved performance and environmental 
resistance. Both Synchros and Servomotors have 
encapsulated stators, nickel alloy laminations and 
hermetically sealed windings which make the units 
essentially corrosion resistant. 


08 SYNCHROS 

@ High accuracy: less than + 7 minutes of arc error 

@ Temperature range: minus 55°C to plus 77°C (special 
version for 150°C will be available) 

@ Light weight: only 1.5 ounces (43 grams) 

@ High torque gradient: pre-loaded stainless steel 
bearings 
Stainless steel housings: through-bore construction 


08 SERVOMOTORS 

Outstanding high ratio of stall torque to power input 
(0.22 oz. in. for 1.75 watts control phase) 

High rate of acceleration from stall condition 
Temperature range: minus 55°C to plus 125°C. 


Write now for full information to: Ketay Limited 
Eddes House - Eastern Avenue West - Romford - Essex « SEVen Kings 6050 


Overseas Sales Organisation: Plessey International Limited - liford - Essex - ILFord 3040 
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N ELEST. A COLD CATHODE TUBES WITH PURE 


q MOLYBDENUM CATHODES OFFER YOU HIGH PRECISION 
AND A VIRTUALLY UNLIMITED OPERATING LIFE 


The miniature decade counter-selector EZ.10B has a count- 
ing rate ¢f up to 1 million p.p.s and its discharge can stand 
on any one cathode without deterioration of performance. 
The novel A.C. relay tube ER.21A can be triggered by a 
Starter current of only one microampere, and the high sensi- 
tivity D.C. sub-miniatures ER.32 and ER.33 by one as low 
as 0-001 microampere. 
EZ10B ER21A ER32 ER33 
Anode breakdown voltage 380V 260 ~ 400= 300=V 
wOV 111 115 107 V 
580V 220 ~ 280 220=V 
1-5mA 6-40 7-15 5-15mA 
The high precision sub-miniature stabilizers and reference tubes 
are only 1-3 inch long by 0-32 inch diameter. 
ES11i ES12 ES13 


Max. anode breakdown voltage 135 250 370V 
Stabilized voltage 97 190 298V 
Anode current range 0-5-8 0-5-7 1-5-6mA 
Internal resistance 700 1 200 700 ohms 
Write or phone NOW for practical and proven circuits and technical 
information about ELESTA cold cathode tubes for the following 
applications: 

Photoelectric relays; automatic light controls; electronic pilot relays; 
level controls; electronic timers; electronic counters; oil-fired burner 


BRITEC LIMITED 


17, CHARING CROSS ROAD, LONDON, W.C.2. Telephone: WHitehall 3070 


=] A Sg 9s ee A ee — mV 
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Dobbie McInnes 
(Electronics Ltd.) 


55, Kelvin Avenue, Hillington, 
Glasgow, S.W.2. Halfway 3364 


4, The Mount, Guildford, 
Surrey. Guildford 66385 
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Ferrite 
lsolators 





Existing Marconi designs cover most of the frequencies 
from 1.8 Kmc/s to 10 Kme/s, and enable the following 
performance characteristics to be obtained : 

Reverse losses of 45 dB or greater VSWRs 1.03. 
Forward losses of 0.5 dB or less. 

A wide range of ferrite devices, including circulators, 
is available; if your requirements fall outside our existing 
range we shall be pleased to consider a design to suit you. 


50 ohm Coaxial 
Connectors 


Designed to combine low VSWR with positive mech- 
anical connection at 5000 mc/s, this connector is 
unique in its use for laboratory measurements and for 
any application calling for a stable and reliable match. 
Alternative arrangements are available for flexible 
cables or panel mounting use. The connectors are 
normally female but can be converted to male by the 
simple addition of a locating ring and connecting pin. 
The design incorporates a sealing ring for water- 
proofing the connecting joint. 
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Miniature 
Crystal Filters 





Crystal filters 100 kc/s with bandpass 
characteristics. 

Pairs of upper and lower sideband selection filters for SSB 
applications. 

IF filters at 455 kc/s. 

Marconi’s are constantly engaged in the development of 
new crystal filter techniques, and it is impossible to specify 
the large number of filter designs available. The Company's 
unique experience in this field enables us to offer advice 
and technical assistance with filter problems of any kind. 


operating at 


MARCONI 


SPECIALIZED RADIO 
COMPONENTS 


Write for details of crystal filters and other 
specialized components to : 
SPECIALIZED COMPONENTS GROUP 


MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED, 
CHELMSFORD, ESSEX, ENGLAND 











Ns 


A preliminary catalogue 

is available listing 
specialized components for 
immediate delivery. 
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WHY PICK ON US? 


° « » @ question with many answers) 


BECAUSE WE'RE FRANK ABOUT DELIVERY. 


You get an honest answer to your enquiry and you get it promptly. 
Right now, we are very busy, but that does not mean that we cannot 
take on your work. We suggest that you give us a chance... and 
you can be sure that whatever delivery promise we make will be kept. 


For fuller details of this unique service please contact Leslie D. 


Izzard, Planning Director. 


BROXLEA SERVICE 


ELECTRONIC MANUFACTURE, ASSEMBLY, WIRING, ETC. 


View of the Broxlea Works—14,500 sq. ft. of ultra modern factory 
space, 15 miles fromcentral London onthe A 10 road toCambridge. 


BROXLEA PRODUCTS LIMITED (A.I.D. approved) 
BROXBOURNE, HERTS Hoddesdon 4455 


ELECTRONIC ENGINEERING 


Trusted by the people 
you trust 


Below are some famous names 
—firms who entrust work to 
Broxlea, and who have kindly 
permitted their names to appear: 


Associated Electrical 
Industries Lid. 


Bell Punch Co. Lia. 

Brayhead Ltd. 

Bristol Aircraft Lid. 

E. K. Cole Lid. 

Cossor Radar & Electronics Lad. 
Dewhurst & Partner Lid. 
Elliott Bros. (London) Ltd 
E.M.I. Electronics Ltd. 


Enfield-Standard Power 
Cables Lid. 


English Electric Aviation Lid, 
Evershed & Vignoles Lid. 
General Electric Oo. Ltd. 


General Precision 
Systems Ltd.—Air 
Trainers Link Division 


Ilford Ltd. 


International Computers and 
Tabulators Ltd. 


Lansing Bagnall Lid. 
Magnetic Devices Lid. 


Marconi’s Wireless 
Telegraph Co. Lid. 


Microcell Ltd. 


The National Cash Register 
Co. Lid. 


Pye Lid. 

A. V. Roe & Co. Lid. 
Rotax Lid. 

Sangamo Weston Lid. 


Standard Telephones & 
Cables Lid. 


Telephone Manufacturing 
Co. Lid. 


Texas Instruments Lid. 


Tube Investments (Group 
Services) Lid. 


Witton-James Lid. 
you will be in good 


company if you, too, 
trust Broxlea. 
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World in a box 


Touch a switch and billions of free electrons bring the world 

into your home. Condensers, valves, transistors do the work. 

But they have to be mounted, insulated and protected. Here Shell’s TGH grade 

of ‘Carinex’ polystyrene is ideal. Its toughness, heat resistance and good electrical properties 
make a television set into a piece of furniture of which to be proud. 

But television and radio cabinets’ escutcheons, control panels 

and speaker grilles are just a few of the applications ‘Carinex’ can cope with. 

In all its grades, all its colours, it will suit almost any 

injection moulding job you care to name. 


CARINEX 





ps ily Ask Shell Chemical Company Limited, 
~ ike Tt ee Plastics & Rubbers Division, 170 Piccadilly, London, W.1. 


SHELL and CARINEX are Registered Trade Marks P34 
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WIDE BAND, 4”TUBE 


© high 
Sensitivity 


OTABILISED 


Oscilloscope 


334 


“Y" AMPLIFIER 


Sensitivity 12.5 V R.M.S. 
per inch. input resist- 
ance 5 megohms (apx.). 
Push-pull output, sensi- 
tivity 80 mV per inch, 





[ | meg- 

. aximum input 

250 V peak. Wide shifc 
range. 


Push-pull output, sensi- 
tivity 0.45 ¥ R.M.S. per 
inch maximum. Wide 
shift range. Frequency 
range 5 c/s to 500 Ke/s. 


TIME BASE 


Hard valve covering 
2 c/s to 100 Ke/s in five 
ranges, free running or 
recurrent trigger. 


SYNCHRONIZATION 


Exceptional synchroniz- 
ation characteristics, 
switchable internal ex- 
ternal. External syn- 
chronization impedance 
| megohm 20 p. f. 
Flyback suppression in- 
corporated. Facility for 
observing Flyback avail- 
able. 


TRADE PRICE: 





Write for full 
details and free 
catalogue 


TAYLOR ELECTRICAL INSTRUMENTS LTD. 
Montrose Avenue, Slough, Bucks. 
Tel.: Slough 21381 Cables: Taylins, Slough 





METAL INDUSTRIES GROUP = 
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ENCAPSULATE WITH 


ECONYFILL 
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YOU are invited to apply for a 
copy of our latest illustrated 
brochure and price list which gives 
full details of our wide range of 


QUARTZ CRYSTAL UNITS 


which are renowned for their 


Accuracy & Reliability 


THE QUARTZ CRYSTAL Company Ltd. 
Q.C.C. Works, Wellington Crescent, New Malden, Surrey 
Telephones: MALden 0334 & 2988 Grams & Cables: Quartzce, New Maiden 


LANGLEY METAL PRODUCTS 


Instrument Rack Panels P.O. Slotted 
Aluminium 10 S.W.G to B.S. 1470 N.S 4 4 HD. 
FINISHED. ETCH. PRIMER 
19” x 12” P.O. Units 
3/6 per Unit Height 

PRICE EX WORKS 


PRIMROSE HILL 
KING’S LANGLEY 








Manufactured by 


DANS 
(KINGS LANGLEY) | IMITED Herts 
Phone: KING'S LANGLEY 417/ 


Also manufacturers of LANGLEY INSTRUMENT RACKS, CASES, ETC. 
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Another 
outstanding 
new 
Ediswan 

oo lve 


with a CV4000 specification 


Here is a new special quality Filamentary Beam Tetrode with a 
really low anode voltage, for use as an RF Power Amplifier at 
frequencies up to 100 Mc/s. 

Instantaneous filament heating enables the valve to be switched 
off during non-duty periods, which makes it particularly suitable 
for use in battery operated portable equipment. Its specially 
rugged construction enables the valve to withstand continuous 
vibration at 2.5 g and a short duration shock of 500 g. 


MAIN PARAMETERS ARE AS FOLLOWS:— 

Filament Voltage (volts) 2.5 or 5.0 
Filament Power (watts) 
a (max) Anode Voltage, maximum (volts) 


reauireame screen Voltage, maximum (volts) 


Bm Mutual Conductance (mA/V) 


- (max) Anode Dissipation, maximum (watts) 


Associated Electrical industries Limited 
Radio and Electronic Components Division 

industrial Vaives and Cathode Ray Tubes Department 
Telephone: GtRrard 8660 Telegra ns: Sieswan Westcentjl ondon 

155 Charing Cross Road, London, W.C.2 


16/11 
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FLOATING ZONE REFINING 

An application of radio frequency heating 
to the purification of germanium, 

silicon, and other materials. By traversing 
a molten zone from one end of the 

ingot to another, impurities are 
concentrated at one end. 

Two RADYNE equipments are available 
—a quartz tube gas refiner and a 

vacuum chamber unit. 


CRYSTAL PULLING 

RADYNE equipment for preparing 

mono-crystalline germanium, silicon, and 

other materials includes the G.C.P.2 

gas crystal puller and the V.C.P.2 vacuum 

or gas crystal puller, based on the 

Czochralski technique. 

across Maximum charge is 950 gm. of germanium; 

A RADYNE silicon zone et 400 gm. of silicon. 


anther saws Maes new RADYNE units are especially easy to load 
R.F. generator. frontiers and unload, and to clean; components 


with wide margins of strength and power 


—_—_—$_ ——— guarantee reliability. 
RADYN E "WOKINGHAM BERKS ENGLAND Telephone : Wokingham 1030 Telegrams : Radyne England 


——— ee ome 








A Complete Technical Illustrating 
Service for Industry 


TECHNICAL ILLUSTRATING 

TECHNICAL PHOTOGRAPHY 

SECTIONAL or DIAGRAMMATIC DRAWING 
SINGLE or MULTI-COLOUR PRINTING 

ALL PRODUCED IN OUR OWN FACTORY 
From Our Clients Prototypes and Drawings 


This service of complete co-ordination of all the stages of 
production is reflected in low costs, short total time factor, and 
in the quality of the finished printing. 


We offer a service that covers Technical Printing from beginning to end. 


For further details 


TECHNICAL ILLUSTRATION SERVICES LTD 


STUDIO AND PRINTING DIVISION 
VICTORIA WORKS, CROMWELL ROAD 
PETERBOROUGH 


PETERBOROUGH 5871/2 
Registered Office: 31 Bedford Row, London W.C.1 Chancery 7571/2 
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20 c/s to 
100 Ke/s - 


this r.m.s. Voltmeter 
is hetter than 1% f.s.d. 


In terms of accuracy, stability and linearity, the Wayne Kerr A.F. Voltmeter M121 
is the most advanced laboratory a.f. instrument available today. 

Designed for use at frequencies between 20 c/s and 100 kc/s, the instrument has 
an accuracy of better than 1% of full-scale deflection and can be used up to 
200 kc/s with an accuracy of 2%. This high accuracy has been achieved by 
incorporating the rectifying elements in a current feedback circuit, which not only 
ensures stability and reliability but also enables the rectifying circuit to be driven 
from small inputs. In addition, by means of its cathode follower output stage, 
the M121 can be used as a feed-through amplifier with a frequency response 
similar to that obtained when using the instrument as a voltmeter. Write or telephone 
for an immediate demonstration or for fully comprehensive literature. 





Accuracy : better than 1% of F.S.D. from 20 c/s to 100 kc/s. 

Full Scale Ranges: 1, 3, 10, 30, 100 and 300mV r.m.s. 1, 3, 10, 30 and 100V r.m.s. 

Meter: hand calibrated, moving coil. Knife-edge pointer with mirror and 6in. scale. 
Temperature coefficient 0.01% per °C. 

Residual Reading: 20 microvolts due to hum and noise. 

input impedance: input x1—better than 15 Megohms in parallel with 20pF; input x10— 
1 Megohm in parallel with 15pF; transformer input-600 and 100,000 ohms 
balanced or unbalanced. 





WAYNE Kien: 


THE WAYNE KERR LABORATORIES LIMITED 
New Malden - Surrey - England - Tel: MALden 2202 
WAYNE KERR CORPORATION 
1633 Race Street - Philadelphia - Pa - USA - Tel: LOcust 8-6820 
@wxas 
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e 
* Unig le (Latin: UNICUS :— pre-eminent, primordial, primary and unprecedented) 


MINIATURE MULTI-WAFER ROTARY SWITCHES 


Ministry Departmental type approval 


Available with sealed spindles 
and spring return mechanism 


Phone ELGar 5925 


8-12 Minerva Road - 


_ fall technical data on request 


One of the EMI group of companies 


North Acton - NW10 





Satisfactorily meets 
the following require- 
ments: Corrosion Resis- 
tance, Non-Magnetic, Excellent 
Electrical Conductivity, High 
Tensile Strength up to 85 tons per 
sq. in., Prevents damage to surfaces 
to be locked together. Made to 
Admiralty Signal and Radar Establish- 
ment Spec. A.|10000-Approved by 
RAE/RSP. 318 & RCL. 224. 
Supplied G.C.Q., A.1.D. or A.R.B. Released. 


Prices and Samples on request. 


FORMERLY MARKETED BY 
DAVID POWIS & SONS LTD 


DERITEND - BIRMINGHAM 12 
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A.C. SOLENOID TYPESBM/T 


Now fitted with stainless steel guides—six times the life 











Continuous 3} Ibs. at 1” 
Instantaneous to 16 Ibs. 
Smaller sizes available 


Also Transformers to 7kVA 
3 phase 


R. A. WEBBER LTD. 


PHONE: 65-7228/9 


KNAPPS LANE, CLAY HILL, BRISTOL 5. 





CHIRCO 
Finger & 
Thumb stalls 


KEEP IT CLEAN 


For protecting the worker in many small assembly operations and 
the product against operator humidity, ye Chirco finger stalls, 
thumb stalls, and finger tips. Available in all sizes, light, medium 
and heavy gauge Latex. Natural, black and various colours. Write 
for full particulars. 
CHICHESTER RUBBER CO. LTD., WATLING STREET, DUNSTABLE, BEDS. 
Telephone: Dunstable 64244 
EE 38 242 for further details 


OCTOBER 1961 




















EE 38 243 for further details 


JCULX 


HIGH-STABILITY 


POWER SUPPLIES 


—and now 10 amp sub-units 


With a stability ratio better than 1,000:1 for + 7% mains variation and less than 
2 mV peak-peak ripple, this BELIX transistor sub-unit range is one which 
combines an excellent electrical specification with first-class, rugged 
mechanical construction. 


Both continuously variable and preset output types are 
available, with voltage ranges 0-6, 6-12, 12-20, 16-24 
and 20-30 V. Illustrated is a typical 10A sub-unit, 
which can be supplied preset to any voltage in 

the above ranges and which incorporates a 

+ 0.5 V fine output adjuster. 


Enquiries for units to be loaded up 
to 30A can also be entertained. 


WRITE NOW 
FOR FULL DETAILS 


47 VICTORIA ROAD: SURBITON - SURREY 


/ / THE BELIX COMPANY LIMITED 
s 

} 

ICTELX telephone : ELMbridge 9118 
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SPECTROSIL... the purest fused silica 


REGD. TRADE MARK 


SPECTROSIL, synthetic 
fused silica, is readily available 
as crucibles, basins, beakers 
and optical components; 
tubing is in a limited range 
of sizes. 

Synthetic fused silica extends 
the range of commercially 
available prism spectrophoto- 
meters down to 1850A. Total 
metallic impurities are less 
than 0.2 parts per million. 





all BRITISH 


THE THERMAL SYNDICATE LTD. 


P.O. Box No. 6, WALLSEND, NORTHUMBERLAND Tel: Wallsend 62-3242/3 
LONDON: 9 BERKELEY STREET, W.1. Tel: Hyde Park 1711/2 


...the BEST 

















Now-as well as 
this little lot... 


...all the well-known 


ye) F terminals too! * 


Our vast new range includes: 
e Self-insulated, nylon-grip, colour-coded terminals 
e Non-insulated terminals — with or without insulation support 4% 
e Insulated or non-insulated butt connectors 
e Crimping tools and attaching machines 


Make sure you obtain the new up-to-date catalogue which gives 
full details of all these new products. Available now from: 


Ashbrook ec London N19 


Tel: ARChway 1166/7/8 
EE 38 245 for further details 


ELECTRONIC ENGINEERING OCTOBER 1961 





EE 38 246 for further details 


From analogue input 
to digital output 


in [msec 
to 0-1 
accuracy 


with the transistorised 
CONVERTER L281 


This equipment, a vital component for fast data logging systems, 
samples an input analogue voltage and gives a digital output 
available in parallel or serial form, in pure binary or binary 
coded decimal. 


Sampling time less than 1 msec, with maximum 
sampling speed 1 kc/s. 


Accuracy to 0.1%. 

Pure binary or binary decimal conversion. 

Internal or external clock facilities. 

Compact construction, 5} in. in standard 19 in. rack. 


Fully transistorised. 


For further details please write quoting reference D/643/10. 


. [ea oR 
MULLARD EQuIP MENT LIMITED Mullard House - Torrington Place - London WC1 - Telephone: LAN gham 6633 
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This Multi-range EHT Series 705 
meter is one of a ry) 
instruments supplied to the M.O, 
Valve Company Ltd. by Anders 
Electronics at very short notice. 
These meters are used in the M.O. 
Valve Company Production Test 
——— for Traveliing Wave 
ubes shown here. Fust the kind of 
work y= pe excel a special 
meters for very speci pment. 
Anders are i ted to the M.O. 
Valve Com; for their kind 
permission to illustrate this test gear. 


special EHT meter 


rushed through for 
MO Valve Company 


The Anders Instrument Centre is in a unique position to 
meet the most urgent, and the most unusual, meter re- 
quirements from production, development and research. 
Many standard meter ranges are available immediately from 
stock. Non-standard meters are calibrated, tested and 
normally ready within 10-14 days. All shapes; sizes from 
14” to the largest switchboard meters. All well-known 
makes and all types including moving coil, moving iron, 
thermocouples, electrostatic, dynamometers and full range 
of meter accessories. Anders would like to demonstrate the 
kind of service they can give you and look forward to your 
enquiries, by letter or by telephone. 


ELECTRONICS LIMITED 
103 Hampstead Road, London NW1. Tel: EUSton 1639 


Contractors to GPO and Government Departments. 
Ministry of Aviation approved. 


METERS, ELECTRONIC AND TEST EQUIPMENT 
TO INDIVIDUAL SPECIFICATIONS 
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CAPSTAN AND AUTOMATIC WORK 


METAL PRESSINGS 


ANY METAL FINISH 


to be sure ! 


GRIFFITHS, GILBART, LLOYD & CO. LTD. 
EMPIRE WORKS, PARK ROAD, BIRMINGHAM. 
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OUTPUT 


PRE-NASHTON NASHTON TIME 
TIME 


NA AY | TON IZE your production line 


to see output go up 
and costs come down 


NASHTON measuring instruments are ideal for production lines as well as for the vast 
majority of laboratory measurements. With circuits of prooved reliability in standardised 
housings for economic engineering, they have easy and simple to use controls and dials 
engraved for quick, clear mistake-free repetitive readings . . . you can safely entrust 
NASHTON measurement to your junior staff and production line labour. Send for 
literature of full NASHTON range. 
NASHTON FLASH TESTERS - DC AND AC/DC VALVE VOLTMETERS 
SENSITIVE VALVE VOLTMETERS/MICROAMMETERS - POWER SUPPLIES 
OHMMETERS - RCC BRIDGES - SHORTED TURN DETECTORS - UNIVERSAL 
DC METERS - TRANSISTOR TESTERS AND OSCILLATORS - PREFERRED 


VALUE R & C BOXES - LF QUADRATURE OSCILLATORS 


Nash and Thompson 


LIMITED 


HOOK RISE SOUTH - TOLWORTH - SURBITON - SURREY - ElMbridge 5252 
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Fo Pe eS 
10 394% 
5 **5 1097 ‘ 


THIS IS JUST ONE OF MANY MODELS 


To start or stop machine 

automatically, giving light PRE-DETERMINED COUNTER 
or bell signal. 

In revolution, stroke or 

electro-magnetic types, 


May we send fuller details? 


LAMMETER CO LTD MILLTOWN STREET, RADCLIFFE, MANCHESTER. TELEPHONE RADCLIFFE 2675/6 


CW 8063/2 





BoLTom’s 


H. C. COPPER 


EXTRUDED AND DRAWN 
SECTIONS 


All shapes for electrical 
and other purposes 


BOLTON’S PRODUCTS include copper and 
copper-base alloys in the form of wire and strand, 
bar and rod, sheet, strip and foil, 

busbars, commutator, segments BOLTON 


and tubes. 
~Ho 


Fons © 





THOMAS BOLTON & SONS LTD 


Head Office: Mersey Copper Works, Widnes, Lancashire 
Telephone: Widnes 2022 


London Office & Export Sales Dept: 168 Regent St., W.!. 
Telephone: REGent 6427 
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To supply the continuous flow of accurate functional information on which 
efficiency in every field of industry depends today, smitus Industrial Division 
provides appropriate instruments and installations for indicating, counting, 
controlling or recording such variables as speed, time, flow, pressure, 
temperature, quantity, volume and quality. If you have an information problem 
concerning the functioning of any equipment, however difficult, let us send a 
Technical Representative to see you. Even if the answer does not already 
exist, we can probably evolve it. 


SMITHS 


INDUSTRIAL 
DIVISION 


The industrial Division of 

S. Smith & Sons (England) Lid., 

Chronos Works, North Circular Road, 
London, N.W.2. Telephone: GLAdstone 6444, 


@ SID AI 
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MINIATURE ELECTRIC BULBS 
FROM 1V to 50V 
IN SIZES FROM 4.5mm to 18mm DIAMETER 


After nearly 30 years of specialising solely 
in the production of Miniature Electric 
Lamps, we have accumulated a store of 
information that is freely available to the 
Electronics Industry. You are invited to 
write or phone us for any information you 
may require about Miniature or Sub Mini- 
ature Filament Lamps for use in existing 
or new projects. 


VITALITY BULBS LTD. 
Neville Place, Wood Green, London, N.22. ‘Phone: BOWes Park 0016 
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new GI/KIM ... 


temperature indicator 


is a robust, low cost, sealed 6” diameter instrument with 
measuring bulb in 4” diameter stainless steel sheath. 
TRANSISTORISED, with printed circuit construction ° . as . — 
operating on 12 volt battery or mains supply. Specially made prototype 10K/C 


Simple clamp pes ag — sn makes fitting quartz crystal clock Mark | 
extremely easy — no fragile capillary tubes or expensive a 
y cable pen. a — only simple wiring. We are now manufacturing a Mark !! 


Accurate rapid response. Transistorised Digital Clock 
73 temperature ranges available in °F and °C for Price £350 


temperatures from ~— 200°C up to 850°C. 
ENQUIRIES INVITED 


| / » also Transistorised Plug in Decade 
Bi, KI. N/ range of instruments Counters, Scalers and Binary Units. 
includes : We specialise in Electronic Prototype 


fabrications, SHEET METAL WORK 


TEMPERATURE CONTROLLER, with a diff- : WIRING, CABLE FORMS ETC. 
erential of 0.5°C. Fully described on leaflet 


BIK. t. PROMPT DELIVERIES, AND ECONOMICAL COST. 


scicelictias c'sieibiieg a P.T.S. ELECTRONICS LTD. 


aciniin antenttiatanies 9 HORSENDEN LANE NORTH 


GREENFORD, MDDX. Telephone: WEMbiey 8313 











INDICATOR/CONTROLLER, for use with 
local or remote alarm or control relay. 








TRANSFORMERS 
DESIGNED & MANUFACTURED 


Prototypes or batch productions of all types 
up to 3KVA. 
Prompt delivery. Suppliers to B.B.C./I.T.A. 


, ‘ BoP ses Universities and leading Industrial Concerns. 
3 Noite for compreharuive brochure ceicr & price lid | |\ 


EST. 1922 PHONE: SHI 2483 


ee ie ee ee 1 Peel TRameronmens LID. 


Tel : Wythenshawe 3251 (4 lines) Telegrams: Humidity Manchester Indicating 


Sranch OMices: London, Welsall, Stockton-on-Tees, Edinburgh Recording SHIRLEY, SOLIHULL, WARKS. 


(A. R. Bolton & Co. Lid.) & Dublin. Agents throughout the world. Control 























EE 38 256 for further details 
ELECTRONIC ENGINEERING OCTOBER 1961 





Cabinet racks 
for 
expensive instrumentation 


This is the DYNATRON Cabinet Rack 
Type B, specially designed as a general 
purpose unit. With locking doors, or 
without doors. Can be built into bays of 
two, three or more units. 


Dynatron Cabinet Racks Type A, without 
doors, in three sizes: 3ft., 4ft., and 6ft. 
are also available. 


All these points are 
important 


Hinged sides giving access to equipment 
for ease of servicing. 


Sides removable to enable bolting of 
cabinets together for assembly into bays 
of any length. 

Allowance made for all possible cabling. 
Ample ventilation. 

Provision for cooling unit if required. 
Finest quality materials and workmanship. 


Can be supplied in a variety of finishes. 


Mounting is for standard 19” Post Office 
type panels. 


ee een 
Meme. ce kee oe SS 
a Seeing 


WEIGHT, COMPLETE WITH 
MOBILE UNIT .. . . 288 LB. 


DYNATRON 
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DYNATRON RADIO LIMITED, 


Nucleonic and Electronic Department 


MAIDENHEAD, BERKS. 
TEL: MAIDENHEAD 5150 (10 LINES) 
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IT COSTS 
NO MORE T0 
BUY THE BEST 


Specify WESTON 
on your equipment 


The demand created by the high quality 
of Weston meters is such that production 
techniques can be employed which enable 
these outstanding instruments to be pro- 
duced at competitive prices. 


SRA cy ation 


at 


There can be no finer advertisement 


for your equipment than the name 
**Weston’’ on the meters installed 


ioe soph iaeliinesit sane is siasiniransi Le | Bees 2 


4 Mc/s coaxial cable system. Terminal repeater equipment installed in Oban by Standard Telephones & Cables 
Ltd— part of the transatlantic telephone link. 


SANGAM™MO WESTON LimMmMiteo-+-+ @nFtitrEeLCDOD: MIDBDOX 


Tel : Enfield 3434 (6 lines) & 1242 (6 lines) Grams : Sanwest, Enfield 
sw/ioa 





FULLY TYPE APPROVED SILVERED MICA CAPACITORS 


TO RCSI32 CAT. ‘‘A’’ CLASS H.I 


Type CMM1-G Type CMM3-Y 
Available in preferred values ty pes Available in preferred values 
from 10pF to 1500pF to from 470pF to 10,000pF to 


tolerances of 2%, 5% and C M M1 cs G tolerances of 2%, 5% and 
10%. Dimensions +” x 10%. Dimensions 1}” x #’ 


te" %". Fully type ap- < fy”. Fully type approved 
proved to RCS 132 category C M M 3 ™ Yy to RCS 132 category “A” 


“A” Class H.1. Class H.1. 














Send for full details and list of interservice reference numbers to:- A SUBSIDIARY OF 


CAPACITORS LTD., Park ROAD, DISS, NORFOLK 
Diss 2289 


LONDON OFFICE: 551 HOLLOWAY ROAD, N,/9 
Archway 0015 COMPONENTS LIMITED 
EE 38 259 for further details 
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INTERNATIONAL FRAME SIZE 


Os, 10, 11,15 & 18 


A.C. MOTOR TACHOGENERATORS 


. provide the required stability for 
servo systems. They are miniature pre- 
cision built components of low inertia, low 
residual and good linearity. They con- 

A.C. Servo Motor form to Ministry of Aviation Specifica- 


tions which require normal operation for 


Tachogenerato rs 1000 hours at altitudes up to 60,000 feet. 
Performance Data 


SIZE 08 
Std. 2-phase 26v. 400 c/s motor 
Tachogenerator output 0.3v/1000 r.p.m. 
Residual 20 m.V. max., Linearity +0.5% 
Weight 82 grams. 





SIZE 10 
Std. 2-phase 26v. 400 c/s motor. 
Tachogenerator output 0.4v/1000 r.p.m. 
Residual 20 m.V. max., Linearity +0.5% 
Weight 108 grams. 





SIZE 11 
Std. 2-phase 115v. 400 c/s motor. 
Tachogenerator output 0.5v/1000 r.p.m. 
lvesidual 20 m.V. max., Linearity +0.5% 
Weight 200 grams. 





SIZE 11 (with temperature compensation) 
Std. 2-phase 115v. 400 c/s motor. 
Tachogenerator output 0.45v/1000 r.p.m. 
+3.5% over —40°C to +100°C or 
+ 1.5% over —20°C to + so°c. | Body Temp. 
Residual 20 m.V. max., Linearity +0.5% 
Weight 235 grams. 





SIZE 15 
Std. 2-phase 115v. 400 c/s motor 
Tachogenerator output 3.0v/1000 r.p.m. 
Residual 20 m.V. max., Linearity +0.2% 
Weight 400 grams. 





SIZE 18 
Std. 2-phase 115v. 400 c/s 18 A.C. motor. 
Tachogenerator output identical to 
standard size 15 Tachogenerator. 
Weight 550 grams. 





All units can be supplied with plain shaft 
or with a pinion shaft permitting in-line 
reduction gearheads to be directly coupled, 
reductions up to 1,000,000:1 can be obtained 
with 2 gearheads in cascade. 


* Write or phone for literature dealing with 
our expanding range of Control Equipment. 


As: Teh betes Control Equipment Limited 
30, Bouverie Street, London, E.C. 4. Telephone LUDgate Circus 7061 


NAP 5007 
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Duvolith 


ae and LR. properties. 
Temp. range, —$5°C + 100°C. 
Range: 250 V. D.C./150 V. A.C. 0.01 mfd to 0.22 mfd. 
400 V. D.C./250 V. A.C. 4700 pF to 0.15 mfd. 
630 V. D.C./300 V. A.C. 1000 pF to 0.068 mfd. 
1000 V. D.C./400 V. A.C. 1000 pF to 0.033 mfd. 


Type M. Miniature metallized polyester capacitors. 
Safe H.F. contact with very low inductance and self 
healing properties. New revised prices showing 
on many types. Temp. 
range: —ss°C +100°C. 
Range: 125 V. D.C. 0.01 mfd to 1 mfd. 
400 V. D.C. 0.01 mfd to .47 mfd. 


Type F. Polyester—and—foil capacitors. Welded leads 
giving safe H.F. contact. Long term stability. Temp. 
range —55°C +100°C. 
Range: 125 V. D.C. 4700 pF to 0.15 mfd. 

400 V. D.C. 47 pF to 0.47 mfd. 

tooo V. D.C. 4700 pF to 0.1 mfd. 


Sit natil 7 hw 


Full technical specifications and prices from Sole U.K. 
Agents. 


WAYCOM LIMITED 


CAPACITY HOUSE, ROTHSAY STREET, 


TOWER BRIDGE ROAD, ‘LONDON, S.E.I. 
Tel.: HOP 2615/9 


ELECTRONIC ENGINEERING 


We shall be pleased to give a 
demonstration on your own 
premises. 

Plastic labels, cut to sizes required, ask 
for price list. 


Write to:— 
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ON YOUR OWN PREMISES, 


NAMES AND NUMBERS, ON 
oS Quaaae PANELS OR SPARE 


WITH THE 


havo" 


ENGRAVING MACHINE 

We have pleasure in introducing the 

new large capacity Model TX machine 

which is capable of engraving on much 
larger surfaces than the established 
smaller models. 

@ Operated by controlled lever. 

@ Ratio |/2 to 1/7. 

@ Depth regulator ensures regular 
engraving on different thicknesses 
and curved surfaces. 

@ Self-centring vice. 

@ Adjustable copy holders. 


VITOS LTD., 13 Charlotte Street, London, W.I. LANgham 6171/2 











SHEET METAL PUNCHES 


TWO NEW SIZES 
IX in. nie yas aD 16/6 
I & in. owe ad len 18/6 
(Keys 1/6 each) 


LIST OF ALL SIZES AND 
PRICES ON APPLICATION 








“© Q-MAX” 


MODEL G.D.0.-2 
GRID DIP OSCILLATOR 


An ideal instrument for the deter- 
mination of tuned circuit resonant 
frequency, tuning transmitters 
wit application of power, for 
the determination of coil mutual 
stray inductances and 

fixed and stray capacitances. Covers 
1.5 to 300 Mc/s in eight ranges. 
Built in mains pack. 

PRICE 15 Gns. Complete. 





= BERRYS 


on vag | 25 HIGH HOLBORN, | LONDON, W.c.l 


SOLE LONDON 
DISTRIBUTORS OF 


ELCOM 


MINIATURE 
MULTI-WAY PLUGS 
AND SOCKETS 


A full Se SS 
33 way, in use by the 
electronic Tedustries of the world. 
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General Electric Company 


U.S.A."offers a new 
silicon controlled rectifier 
that wires as easily 

as a resistor 





This new Silicon Controlled Rectifier is designed for use in low-power switching and 
control applications requiring blocking voltages up to 200 volts and D.C. load currents 
up to 1.1 amps. HM The unique double-ended mechanical design of G.E’s low-current 
SCR’s 2N 1929-1933 provides point-to-point wiring flexibility in circuit layout 
design. No external heat sink is necessary even for relatively high current loads. 
Other important advantages: transient PRV ratings up to 300 volts; maximum gate 
current to fire, 15 ma at 25°C. &@ For complete technical in- 

formation on this new SCR, contact International General 

Electric Company of New York, Ltd., Lincoln House, 296- 

302 High Holborn, London W.C. 1, England; or write to "Wiig 

International General Electric Company, Dept. EC-61-05, =" 

159 Madison Avenue, New York 16, N. Y., U.S.A. : 


*General Electric Company, U.S.A., is not connected —— 
with the British company of the same name. a 5 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


U.S.A. 
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— For us it often comes at the end 
of a fabrication job in steel or light 
alloy. Perhaps we have just 
assembled a complete installation 
we have previously surveyed, 
designed, drawn up and made. 
Or it may be the end of a quantity 
run of some intricate, machined 
item. — A wonderful feeling, isn't 
it? That surge of pride, that sense 
of mastery over one’s craft! 


Have you a job to gladden our hearts ? 


SPENCER & SONS 


(MARKET HARBOROUGH) LTD. 


GREAT BOWDEN ROAD Market Harborough 3253-4-5 


London Representatives: O'Neil & Co. Ltd., 
122 Cleveland Street, London, W.1. ‘Phone: EUSton 4818-9 


ELECTRONIC ENGINEERING 
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loday’s best value in 


heavy gauge STEEL 


SHELVING 
£5'15'0 


ELIVERED FREE! 


SATISFACTION 

GUARANTEED 

OR EQUIPMENT 
REPLACED. @ Brand new — Manufactured 
in our works. 


@ Shelves adjustable every 
inch. 


shelves will 
distributed 


@ Heavy ga 
carry 40olb. 
weight each. 

@ Stove enamelled dark green. 


@ 6 shelves per bay — Extra 
shelves 8/- each. 


@ Quantity discounts. 


THE ONLY HEAVY GAUGE 
SHELVING AT THIS PRICE 








Wie drawn to your 
specifications (down to 
00025") in base and 
precious metals and al- 
loys . . . supplied bare, 
enamelled, ceramic in- 
sulated for use at 1000° 
F., or electro-plated . . . 
to very close toler- 
ances. 

Our research and de- 
velopment staff is avail- 
able to solve YOUR 
wire problems. 


of 
YOUR COMPONENT 


@ 600° C. Insulated Wires 

@ Strain Gauge Wire @ Precision P 

@ High Tensile Strength Magnet @ Electropiated Wire 
Wire @ Fine Wire Drawn to .0002 

@ Ribbon Rolled to Close Tolerance Gal ter Suspension Strip 

@ Sub Mil Pure, Weak Metals @ Custom Meits 

@ Resi e Ther Wire @ Base, Precious Metals and Alloys 

@ Enamelied Wire @ indium and Tin Coated Wires 

@ Fuse Wire @ Electronic Quality Titanium 


@ Semiconductor Wire 
eter Wire 

















SECON METALS CORP <éco 


WRITE FOR DATA ON YOUR SPECIFIC NEEDS TO SOLE AGENTS IN THE U.K. 


LEONARD WADSWORTH & CO. LTD. 


BANK BUILDINGS WIMBLEDON HILL ROAD S.W.19 
TEL. WIMBLEDON 9871/3 
EE 38 267 for further details 
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The excellent electromagnetic properties of 


jsauenestcrommm AND) REFINED MAGNETIC IRONS 


These special irons are suitable for 

a wide range of applications in 

detdad tad Remedies cabcons. ELECTROMAGNETIC CURVE 
After rough machining, followed by 2 a pecan, ome 
annealing treatment, toroidal ring 

testing results exceeding the minima 

shown on the table, can be expected. 





W) 
”) 
m 
< 
© 
©) 
- 
x 





6 


OERSTEDS 











FIELD STRENGTH (H) FLUX DENSITY (B) 
Ampere Turns/cm Oersteds Gauss (minimum) 


35 4°40 11,400 
6°0 7°54 13,400 
10°0 12°57 14,600 
20°0 25°13 15,800 
50°0 62°83 17,000 
80°0 100°53 17,600 


REMANENCE 9.000 (minimum) 




















MIDLAND AND LOWMOOR IRON & STEEL CO. LTD. 


Rotherham. Telephone : Rotherham 4211/2/3 
MI 16 
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Microwave 
VaR jeeone Spectrum = www 
&oualysers 


The Aliscott range of noise measuring 
uipment and Spectrum Analysers covers 
This instrument has all requirements for analysis of low order 
a fixed resolution sidebands at frequencies close to carrier. 
of 1Kc/s of 25Kc/s 
and can be used for 


the accurate 

determination of SPECTRUM ANA 

low level side-band The features of this instru- 

amplitudes or noise ment are high resolution 

power in terms of with a minimum bandwidth 

carrier power. It is of 70c/s and the response 

designed to ‘lock-on’ | More than 50 d.b.s. down 

to a carrier with a at 150c/s removed from 

nominal power centre frequency; high 

level of | microwatt | threshold sensitivity; and 

and to display low panoramic displays. Fre- 

level noise and line quency range 500c/s to 

spectra in the 90Kc/s (Type 190a) or IKe/s 

vicinity of carrier to 120Kc/s (Type 190g). 

frequency. Side- =| TYPE 123 NOISE MEASURING EQUIPMENT 

I Ke vend width Essentially a narrow band R.F. Spectrum Analyser, this 

down to —150 dbw. | ©d¥ipment may be used for ate the — of 

Mt i * | spurious a.m. and f.m. modulations at frequencies close 

specifications contact ay eee. to carrier. Resolutions: 70c/s or IKc/s bandwidth. 

















TT 68 Brockville Street, 
Carntyne Industrial 
James Scott iyciiccring Ltd hae 


Tel.: Shettleston 4206 


Wilkinsons 1921 METEOR COIL WINDERS 


NEW RANGE OF METERS 
a i amp am TOS emer 0/10 emp; 0/20 
20 Volts: 0/40 Volts; all at 38/- each. No gears to cause backlash 


ing Cail Flush Round Nes Suitable for winding wires as small 

ries £0140 Voie; Ze aihesck: as 0.0004 in. diameter. Arranged for 

2” Moving Coil Flush Square single or multiple winding; layer 

0/3 Ampere; 0/5 Ampere; both at 27/6 each. shortening device available. Traverse 
is obtained by magnetic 
clamping on to a non- 


R E L A Y § reversing steel tape with 


extremely fine reversal 
Post Office Type 3000 settings by micro limit 
Made to your specification. switches. 


Contacts up to 8 C.O. Stops auto- 


Prompt Delivery = if 

















KEY SWITCHES 
Various P.O. types 
EX. STOCK 
High Speed Miniature Sealed Relays— 
G.E.C., S.T.C. and Siemens 
age Beg STANDARD. 6 ft. high with U-channe!l 
sides drilled for 19 in. panels, heavy angle base, 4 ft. 10 in. also in stock. 





"ETC, Best MAKES AT LOWEST PRICES 





H.P. CAPACITOR MOTORS 40v, 50 cycles, 1420 r.p.m., 
(4 in. or § in. shaft). £5 10s., carri By 3 
VACUUM PUMP & Conenneson, Edwards Type IV, } in. shaft, 
complete with flywheel, couplings, oil filter and union. £6 16s., post 6. 
BARTLETT ~S. DRYING OVENS. internal dimensions 
20 in. x 20 in. x 20 in. 230 volt A.C. with adjustable thermostat giving 
automatic temperature control. Temperatures up to 160 deg. cent. 
shown on built-in gauge. Rotary on/off switch with pilot lamp. Brand Demonstrations arranged at 
new, £4, carriage 20/-. our London works on request. 
Please write for leafiet. 


L. WILKINSON (CROYDON) LTD. Maia 
I LANSDOWNE RD. CROYDON SURREY ACBARS LTD. 


ams: Wil ROYDON 331-3 WALWORTH ROAD, LONDON, S.E.!I7 RODney 7822 
EE 38 270 for further details EE 38 271 for further details 
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There are a hundred and one 


good points about 


CARPENTER POLARIZED RELAYS 


... here are just a few! 


The various types of 
Carpenter Polarized Relays 
A component with such a combination 
of useful characteristics is bound to 
find application in an exceedingly 
wide field and for this reason five 
basic types of TMC Carpenter 
Polarized Relays have been developed. 
We shall be glad to send full details 
and characteristics with 
recommendations if you will let us 
know the nature of the 

proposed application. 


TMC 


TMC Carpenter Polarized Relays have really high sensitivity and 
high operating speeds coupled with a good stability over a very wide 
temperature range. The compliant contact mountings permit high 
contact pressures with practically no contact bounce or chatter. 
What is more... 

... input impedances can vary from a fraction of an ohm to many 
thousands of ohms, whilst the output impedance is, for all practical 
purposes, either zero or infinity. Remember, over 3 million of these 
remarkable, moderately priced relays have been made to various 
patented designs. 

And now about delivery! Additional plant, plus new and improved 
methods have been introduced to satisfy the ever increasing demands. 
And, of course, every possible help is given to engineers and 
designers engaged on development work. 


Write for details and prices now! 
Telephone Manufacturing Company Limited 
Dept. BR, Martell Road, West Dulwich, London SE21 Gipsy Hill2211 


=> 
A MEMBER OF THE PTE] GROUP OF COMPANIES 
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Data Processing Equipment by ULTRA ...5 


INPUT/OUTPUT 
TYPEWRITERS 


The ULTRA T2A50 series of DATAWRITERS are based on the 
Olivetti 80E electric typewriter. They are designed to meet the 
input/output writing needs of data processing systems for 
numerical and sterling analysis; they can also be used in 
computing systems for data acquisition and printing. 


Applications Features 


* Versatile design enables any 
keyboard and functional 
arrangement to be provided. 


* Standard carriage lengths: 
14 in. and 18 in. Other lengths 
available to special order. 


* For invoicing, sales 
and purchase ledger, 
and other 
office systems. 


* For data 
acquisition for computer 


systems. : 
4 * Full zone programming 


facilities. 


* Takes sheet, interleaved, or 
continuous stationery 


* As a computer off-line 
printer. 


* For data logging. 


...- AND IT CAN BE USED ASA 
STANDARD ELECTRIC TYPEWRITER 
Complementary units of 
ULTRA AUTOMATIC BUSINESS EQUIPMENT 
include 
AUTOMATIC ADD/LIST PRINTERS, DATA SELECTORS 
AND PUNCHED PAPER TAPE EQUIPMENT 


ULTRA 


Please write for further information 
ULTRA ELECTRONICS LIMITED 
WESTERN AVENUE - LONDON W3 - TEL: ACORN 3434 
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Width 24° 


SMITHS 


CONSTANT SPEED 
MOTORS 


Write or telephone now for full 
details of this versatile compact, multi- 
purpose LIGHT DUTY Motor Unit with the 
sintered bronze rotor bearings that ensure 
years of reliable service. SELF-STARTING. 
POWER CONSUMED 2 WATTS. 
WIDE VARIETY OF OUTPUT 
SPEEDS. 


SMITHS CLOCK & WATCH DIVISION 


Contracts Branch, 179 Great Portiand Street, W.1. Telephone: LANgham S58! 1 


Overseas enquiries to Sectric House, N.W.2. England. Telephone: GlAdstone 64646 
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PHIL-TROL 
SOLENOIDS 


New 6 Page Leaflet (No. 

108a) now available. Covers 

small and medium solid core 

types including new types 

45, 35, 36 and 37 

SEND FOR YOUR COPY 
NOW 


Quick Delivery— 
Solenoids are normally 


despatched same day as receipt 
of order 


PHILLIPS CONTROL (G.B.) LTD. 


Dept. G7, Farnborough, HANTS. Tel: Farnborough 1120 














EE 38 276 for further details 


Gturdy — 


TRANSDUCTORS 
For CONTROL 
of A.C. 
up to 
750 KVA 


I-phase 300 KVA 


— 
ransd Siar > 


For details of TRANSDUCTORS also TRANSFORMERS (up to 250 KVA) 
and other products in our range write to : 


STURDY ELECTRIC CO, LTD. 


HAMSTERLEY COLLIERY, NEWCASTLE UPON TYNE 


Telephone: Ebchester 271-272 Telegrams: Sturditran, Newcastie upon Tyne 








For Laboratory, Production Line, Test 
Departments and Colleges - LOW COST 
DECADE RESISTANCE 

BOXES 


input resistance. 
LIONMOUNT & CO. LTD. 
40, HATTON GARDEN, LONDON, E.C.1. Tel: Holborn 7283 
EE 38 277 for further details 
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Wherever 
a conductive coating 


is indicated — 


Wherever you need an electrically conductive coating, 
use one of the Foliac Colloidal Graphite Dispersions, 
or one of the new metallic dispersions of silver and 
copper powders developed specially for applications 
where maximum electrical conductivity is required. 
From C.R. tubes and thermionic valves to simple 
resistor contacts . . . name the use of a conductive 
coating and the answer is ‘Foliac’. If you have a 
problem involving a conductive film, remember 
Foliac research is at your service. Why not ask our 


representative to call or write for further details? 


FOLIAC 


COLLOIDAL GRAPHITE DISPERSIONS 


h4 GRAPHITE PRODUCTS LIMITED 
Z A Member of The Morgan Crucibie Group 


POINT PLEASANT - WANDSWORTH - LONDON S.W.18 
TELEPHONE: VANdyke 6422 


103/F /a38 
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in 1 oe Oe S oo 


with simplicity and Yy . Led., 


% Brings a new versatility, —Y 
P and Y Y 
to your wiring. Yj 

* Completely insulated and 





suitable for ali climates. 
* Proved in wiring 
installations throughout 
the world. 
The cradle sizes give a wide and of 
cable carrying capaci! 
pam me are so strong 
anyone, jon. 
%*& Cuts wiring time by 52% 


% Reduces production 
bottlenecks and wastage of 
materials. 

%* Proof of the way 
Cradieclip saves time and 
money is available in our 
Time and Motion Study 
Report which will! be sent 
to you on request. 


Send for fully descriptive INSULOID MANUFACTURING COMPANY LIMITED 
Kiterature on the Insuloid Cradleclip w 
span Syenas caw. Tel: Wothe ~ Rey 5 | ppipmuemomammndin CIH it’s done id 








i a & Cc | & i oO N S.E.I. metal-cased precision potentio- 


meters maintain their accuracy under 


Pp OTE N Ti Oo M ET E R SS severe environmental conditions. 


STANDARD RESISTANCE RANGES 


Type DM2,0.5—50K ohms. Type SM1, 0.5 —100K ohms 

Type SM2 & SM2/MT 1.0 — 150K ohms, Type SM3 2.0— 200K ohms 
Linearity 40.5% and better. 

Generate your non-linear functions with our Type SM2/MT 


Send for Catalogue No. PP6010/EE 
SALFORD ELECTRICAL INSTRUMENTS LIMITED 


PEEL WORKS, SILK STREET, SALFORD 3, LANCASHIRE. Tei. Biackfriars 6688 
London Sales Office: MAGNET HOUSE, KINGSWAY, W.C.2. Tel: Temple Bar 4668 
A Subsidiary of THE GENERAL ELECTRIC CO tTO OF ENGLAND 


EE 38 280 for further details 
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HIGH RESOLUTION RECORDS 
* WOODHILL’S 


MINIATURE GALVANOMETER RECORDERS 





Type 9 35mm. Type 15 60mm. Type 18 70mm. 
9 CHANNEL 15 CHANNEL 18 CHANNEL 


THESE HIGHLY DEVELOPED OSCILLOGRAPH FILM AND PAPER TRACE 
RECORDERS WILL MEET THE MOST EXACTING DEMANDS OF THE MODERN 
RESEARCH TECHNICIAN. 

DESIGNED FOR HIGH RESOLUTION, UNIQUE IN SIZE, DEPENDABLE AND CONVENIENT 
IN USE, THEY ARE INDISPENSABLE FOR THE MOST DIFFICULT RECORDING PROBLEMS 
WHERE HIGH EFFICIENCY INSTRUMENTS ARE A SINE QUA NON. 


DESIG N. WE DESIGN AND MANUFACTURE RECORDING INSTRUMENTS 
AND ALLIED EQUIPMENT TO CUSTOMERS’ SPECIFICATIONS. 


WOODHILL ENGINEERING CO. LTD. 


TROUT ROAD, YIEWSLEY, MIDDLESEX Telephone: WEST DRAYTON 2892 & 3168 
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PRECISION MINIATURE SWITCHES r L ra S T l C 
Built to British and Foreign Specifications 


CASTELCO (G.B.) LTD. 


Castle Works, High Street, OLD WOKING, Surrey. 
PHONE: Woking 4172/73 





THE LEXOR “DIS-BOARD” 


For Power Extension and Expansion Everywhere 


EX-STOCK 
DELIVERY 


OVER 100 
STANDARD 
COMBINATIONS 


Full literature and Price List from:— 


LEXOR ELECTRONICS LIMITED 
ALLESLEY OLD ROAD 
COVENTRY 


EE 38 282 forjfurther details EE 38 284 for “yrther details 
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t electronic applications where the reliability 
iature Selenium Bridge Rectifiers provide 
new low voltage vaives. S.E.!. rectifiers 
Publication 119. Send today for full details. 


Variable 
Attenuators 


ay 
v4 


es 


G. &. E. Bradley Variable Attenuators are 
suitable for operation from d.c. to over 400 
Mc/s. They are made in 50 and 75 ohm 
impedances, in ranges of 0—12 dB in 1 dB 
steps and 0—120 dB in 10 dB steps, with 
excellent long-term stability. 


The 0—120 dB attenuators dissipate a maxi- 
mum average power of 0.5 watt and will 
tolerate peak voltages of up to 350V. The 
0—12 dB attenuators have a power rating of 
1.5 watts and voltage rating of 350V. 


hi ee ES 


iY 
The S.E.1. Tubular Selenium rectifi 
and low cost of a metal rectifie 


Bthe solution. Their versatility of 
meet the requirements of British § 


On the high and low range attenuators, the 
B.N.C. connectors are so located that they 
may be directly paired to obtain a range of 
132 dB in 1 dB steps. 


Write now for full technical data to: RECTIFIERS 


G. & E. BRADLEY LTD. 


: » N.W.10 SALFORD ELECTRICAL INSTRUMENTS LIMITED 

PEEL WORKS, SILK STREET. SALFORD 3. LANCS. Tel: Slackiriers 6688 “8 lines) 

Qendon Ssies Office: MAGNET HOUSE. KINGSWAY. W.C.2. Tel: Temple Bar 4668 
A Subsidiary of THE GENERAL ELECTRIC COMPANY LIMITED OF ENGLAND 





» 
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Listes Fa MURA IGA sensitive to one hundredth part of 
one thousandth of an inch..... 


measures a FReE 
28 PAGE BOOKLET 


without 
Write today for this 
informative booklet— 


physical contact 





FIELDEN ELECTRONICS LTD.: WYTHENSHAWE, MANCHESTER. Phone: Wythenshawe 325! (4 lines) Grams: Humidity Manch ° indicating 
ALSO AUSTRALIA, ITALY AND CANADA. Branch Offices: LONDON, WALSALL, STOCKTON-ON-TEES, EDINBURGH (A. R. BOLTON & CO., LTD.) Recerding 
Agents throughout the world. AND DUBLIN Controi 
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Nine 
out of every mic 


ten S-I-M-A members 
use Partridge Transformers! 


Precision miniature co 


Cristal Microphones 

Miniature Volume Controls “ane 

Small Transformers and Toroidal 

Plug Sockets for miniature tubes and transistors 
Write for catalogue and information 
MICRO-ELECTRIC LTD. — Zurich 52 — Switzerland 














IF YOU HAVE A 


: ar L I r R DESIGN 
The reliability of the Partri 
former is universally aw i 
quality of value to you in y fuc- 
Type Approval Certificate No. It 
1295 for hermetically sealed Pd 


C-core range. 


a const WECTRON 
é Ont" C Cy We provide a design service for industry— 
Consult our experienced design staff for an active 


or passive solution to your filter problem. 
haben sn nd leap VECTRON ELECTRO-PHYSICS LTD. 


Roebuck Road, Chessington, Surrey Spur Road, North Feltham Trading Estate 
Bedfont, Middlesex. Tel: FEL 6691 


EE 38 288 for further details EE 38 290 for further details 
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~NewEGEN 
SUB-MINIATURE 
GONTROLS 


Types 363 and 365 


Designed primarily for use in miniature 
transistor receivers, these new controls are 

of unique construction and embody many 
distinctive features to ensure an extremely high 
degree of quality and reliability. 

Robustly constructed on a die-cast body only 

4" diameter, each control has a tough moulded 
spindle §" long and %” maximum diameter. 
Type 363 is less switch. Type 365 incorporates 

a double-pole single-throw switch. 


These reproductions show both controls actual size 


SPECIFICATION: 


Resistance Range: 1000 ohms to 3 Megohms. Lower values 


to special order. 
Log. or Linear. 
Switch Rating: 50V. 150mA. 


Resistance Law: 
Ratings: 1/10 watt. 


SPECIFY EGEN FOR RELIABILITY 


EGEN ELECTRIC LTD 
GHARFLEET INDUSTRIAL ESTATE 
GANVEY ISLAND - ESSEX 


"Phone: Canvey isiand 691 
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serine ADCOLEY 


and Equipment 





llustrated 


& in. DETACHABLE 
BIT SOLDERING 
INSTRUMENT 
L64 
POSITIONED IN 
PROTECTIVE UNIT 
WITH ACCESSORIES 
L700 


one tempter 
Pome. 
ee 


INSTRUMENTS WITH 
THE CORRECT 
SOLDERING 
TEMPERATURES 


ALL VOLT 
RANGES 
6/7 to 230/50 
VOLTS 


British & Foreign 
Pats. & Reg. 
designs. 


For further information and full illustrated catalogue apply head office. 


ADCOLA PRODUCTS LIMITED 


ADCOLA HOUSE, GAUDEN ROAD, CLAPHAM 
LONDON, S.W.4 


Telegrams: SOLJOINT 
LONDON S.W.4 


Telephones: MACaulay 3101 and 4272 
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Out of print volumes of 


“Electronic Engineering” 


are to be reprinted in full size 
by 


Wm. DAWSON & SONS L"? 


The first volumes scheduled to be reprinted 
are volumes 13-26 covering the years 
1940-1954. Further volumes are to be 


reprinted in due course. 


Price per volume £6-10-0 bound 


For further details write to:— 


Wm. DAWSON & SONS Ltd. 
16, WEST STREET, FARNHAM, SURREY. 


indicating in which volumes you are particularly 
interested or fill in the reference No. given above 
on one of the Reader Information Service Cards. 
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CLASSIFIED ADVERTISEMENTS 


Run-on Classified—The charge for these advertisements is 7d. per word. Minimum charge, | 4s. 


Box number, 


2s. extra, except in the case of advertisements for ‘‘Situations Wanted"’, when it is free. 
Specially Spaced Classified—50s. Od. per single column inch. 
Copy, with remittance, for the above advertisements, must be received before the |4th of the month for insertion 


in the following issue. 


Display Classified—Full Page, £75 (based on specially spaced classified rates). 


Half Pages, Quarter Pages and 


Eighth Pages pro rate. Copy dates: With proofs, Sth of preceding month. Without proofs, !0th of preceding month. 


Blocks must be mounted. 


Advertisements for publication should be addressed to: 
Classified Advertisement Dept., ‘Electronic Engineering’, 28, Essex Street, Strand, London, W.C.2. 








OFFICIAL APPOINTMENTS 





AIR bey ag (R.A.F. Signals Command): 
Technical Class. Up to 9 pensionable posts at 
Norten, Watton and St. wrence, 

Isle of Wight for men at least 22 on 1.7.61. lifica- 
tions: O.N.C. in Electrical or Mechanical Engineer- 
or City Guilds Intermediate Certificate in 
Telecommunications Engineering and City and 
a Coe in Radio II; or evidence of equiva- 

jent Spe fe technical education. Total of at 
least 8 and experience 
in skillod "we work on radio, radar, or other electronic 
apparatus essential. National starting salary £723 
= * 22 to £884 at 28 or over. Scale maximum £988. 
7 North Audley Write Civil Service Commis- 

sion, sont? Street, London, W.1, for 
on form —— $/5371/61. Ciosing date 
1961. W 5323 





AIR MINISTRY require in Scientific Adviser's 
rtment: Graduates in Physics, Mathematics 
ss for *p intment as Scientific 

Officers or Scien \ 


Successful 
applicants will be on Operational Research 


te copepod 
eitner at Air Ministry in Whitehall or at one of the 
R.A.F. Command H.Q. o: 


© Establishments. Opera- 
tional Research at Air Ministry is mainly concerned 
with the assessment of future operational needs and 
problems connected with the weapons of the future, 
while at Commands, the emphasis is on obtaining 
the maximum - from existing weapons systems 
and the evaluation of their behaviour under opera- 
tionai conditions. In either s , Scientists work 
in close co-operation with o s of the R.A.P. 
and have contacts with other Research Establishments 
and firms on defence work. There are also 
opportunities for visits abroad. Current Vacancies 
are for posts at : (a) Air Ministry Whitehall, where the 
need is mainly for Scientific who will be 
concerned with studies of future R.A.F. offensive 
and defensive systems, of the interplay of offense and 
defence, of — submarine ——— and _of 





tactical an 
Command, High Wycombe, Bucks., *. in on the 
evaluation, use and operation of airborne round 
electronic equipment ; the effectiveness of the Medium 
Bomber Force, and in ae organisation and 
+ amming. (c) Fighter Command, Stanmore, 
x., working on problems concerned with air 
defence and tactical operations of military aircraft in 
sul of ground forces, requiring studies of aircraft 
ormance, weapons systems, tactics operating 
ocedures. (d) Transport Command, Upavon, 
ilts., where a Scientific Officer will be concerned 
with broad studies of aircraft characteristics and 
aircraft utilisation to meet the needs of the Military 
Air Transport Force, and Studies with the specialist 
R.A.P. staffs on specific | and navig 
probiems. Successful Candidates may expect to 
spend a reasonable time in their first appointments 
but will later have opportunities for broadening their 
experience in other branches of the Department. 
Prospects for able scientists are good. Promotion to 
higher que depends basically on merit. Qualifica- 
os: ae —, hold Fs on or Second 
Class Hons. — in ysics, Ma or possibly 
Engineering jor Scientific Officer Candidates 
should be at least 26 and have had not less than ; 
pty’ post graduate ex 
£1,342—£1,654. ror) Bs 
but S/Os with suitable experience may start above 
the minimum. Scales in London are somewhat 
higher. Interviews for appointment will be held in 
London. Forms from Ministry of Labour, Technical 
and Scientific Register (K), 28 King Street, London, 
S.W.1, quoting A.347/1A. Closing date 24th October, 
1961. W 5324 








ELECTRONICS TECHNICIAN required in the 
Electrical Engineering Department, University of 
Leeds. initial salary according to qualifications and 
tions should be made in writing 

W. Carter, from whom further 

particulars may ‘be obtained. W 5348 
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BUILDING RESEARCH STATION (D.S.LR.), 
Garston, near Watford, Herts., requires Scientific 
Officer, physicist, to work on transmission of sound 
through panels and solid structures. Emphasis will 
be on theoretical aspects. Extensive experimental 
facilities are now being built but the primary problem 
is the detailed planning and subsequent carrying 
through of the programme of research. Quals. Ist or 
2nd Class Honours Degree in Physics. Salary range: 
£717—41,222 starting 

post-grad. experience. 

address quoting BRS 32Y. Closing date 24th October, 
1961. W 5330 


ENGINEERS, PHYSICISTS AND MATHEMA- 
TICIANS required by Ministry of Aviation at 
Royal Radar Establishment, Malvern, Worcs. for 
work on Future Integrated Military/Civil Air Traffic 
Control Systems. Work includes system studies by 
analysis and simulation ; radar engineering ; automatic 
data processing and transmission with opportunity 
to specialise in digital electronics, computer design, 
scientific programming and display techniques. 
Appointments in grade of (i) Senior Scientific Officer ; 
(ii) Scientific Officer: (iii) Experimental Officer. 
Quals.: (i) and (ii) Degree or Dip. Tech. with Ist or 
2nd class hons. or equiv. qual. and, for S.S.O. (min. 
age 26) at least 3 years’ yo research experience ; 
(iii) (min. age 36) Pass H.N.C. or equiv. 
Salary scales: (i) £1, Mya are "654: (ii) £738 —£1,222 
with F.S.S.U. benefits: (iii) £1 ,087—41,336. Oppor- 
tunity for candidates under 31 (normally) to compete 
for established (non-contributory pensionable) posts. 
Details and Fe forms obtainable from 
Dr. W. H. Peniev, C.B.E., R.R.E. Malvern, Worcs. 
(quoting HC/21D/0751). W 5333 


MIDDLESEX COUNTY COUNCIL. Educa- 
tion Committee. Brunel College of Technology, 
Woodlands Avenue, Acton, W.3. Principal: J 
Topping, M.Sc., Ph.D., D.L.C., F.Inst.P., Department 
of Electrical Engineering and Electronics. With the 
expansion of the College, which is shortly to become 
a College of Advanced Technology, 
vacancies in the Department of Electrical Engineering 
and Electronics for: Senior Lecturer and Lecturer 
in Automatic Control, Lecturer in Electronics 
(preferably with Computer). All the posts require 
some industrial or research experience, together with 
a Degree, Diploma in Technology or Corporate 
Membership of an appropriate Institution. Teaching 
experience though desirable is not essential. The 
Senior Lecturer will be required to continue the 
development of the Automatic Control Section and 
help with the planning of additional laboratories 
The work of the Department is predominantly or 
Diploma in Technology and Post-graduate Courses 
and so provides a very wide range of experience 
Research is encouraged and there are excellent 
facilities. Salaries will be within the ranges: Senior 
Lecturer £1,588 to £1,801 per annum. Lecturer 
£1,408 to £1,601 per annum. Application forms 
available from the Registrar at the College. C. E 
Gurr, M.Sc., Ph.D., Chief Education Officer. W 5343 


there are 


DEPARTMENT OF SCIENTIFIC AND 
INDUSTRIAL RESEARCH. 2 pensionable posts 
at National Engineering Laboratory, East Kilbride, 
Glasgow, for men or women as (a) Principal Scientific 
Officer and (b) Senior Scientific Officer to conduct 
research into the application of servo control to 
machine tools. Applicants for post (b) must be 
under 40 on 1.8.61. Qualifications: normally Ist or 
2nd _ class honours degree in engineering, or high 
prof ; at least 3 years’ post- 
graduate or other approved experience; experience 
of electrical servo design and development; good 
knowledge of servo-theory. A knowledge of hydraulic 
servo technique or machine tool design is an advan- 
tage. National salary scales (under review): (a) 
£i, F 6-£2, 418: (b) ti, 342-£1,654. Starting salary 
may be above minimum. Promotion prospects. 
Houses available for married staff. Write Civil 
Service Commission, 17 North Audley Street, 
London, W.1, for application form quoting $/5390/61. 
Closing ‘date 26th Sctober, 1961. W 5353 





MINISTRY OF AVIATION requires Electronic 
Engineers for development, mg production and 
inspection of Guided Missiles, Computors, Radar, 
Line and Radio Communication Equipment at 
Headquarters branches in Central London, at 
Bromley (Kent), and other locations in the Home 
Counties. Qualifications: should have served a 
recognised engineering apprenticeship or have had 
. uivalent training, and be corporate members 
the Institution of Electrical Engineers, or have 
exempting quals. Experience of modern electronic 
practice in one or more of the fields desirable. 
Salary: £936—£1,430 (National) plus £55-—£60 
Inner London Weighting for Central Headquarters 
posts or £40—£50 Outer London Weighting for 
Bromiley, Kent. Posts in Home Counties locations 
slightly less but will be brought into National pay 
scales on 1.1.62. Starting pay at age 34 or over £1,285 
(National) with adjustments according to location. 
Excellent career prospects for promotion to senior 
posts and frequent opportunities for established 
Forms from Ministry of 
Labour, Technical and Scientific Register rich, 
28 King Street, London, S.W.1, quoting D425/1A. 
Closing date 13 October, 1961. W $322 





NATIONAL Ptr -v LABORATORY, 
(D.S.LR.), Ted require in the 
Ship Division at oy Teddineton or the Ship Hydro- 
dynamics Laboratory, Feltham: Senior Scientific 
Officer, to lead a smalt team to work on hovercraft 
research. Candidate must have imagination and 
initiative and some practical research experience with 
a specialised knowledge of aerodynamics and/or 
hydrodynamics. Scientific Officer or Senior Scientific 
Officer, mechanical engineer, with knowledge of fluid 
dynamics for experimental and analytical investiga- 
tions into ship vibration problems, particularly those 
associated with propeller excited forces. Must be able 
to develop and apply mathematical methods to guide 
and interpret model experiments. Knowledge of 
electronics desirable. Quals.: Ist or 2nd Class Hons. 
ee, or equiv. For the Senior Scientific Officer 
posts, at least 3 years’ post-grad. research experience 
required. Interim Salary ranges: Scientific Officer 
£773—£1,267. Senior Scientific Officer £1,392— 
£1,714. Posts unestablished with possibility of 
establishment through the Civil Service Commission 
whilst remaining under 29 (Scientific Officer) and 
under 32 (Senior Scientific Officer). Forms from 
Director, above address quoting SOWT. Closing 
date 24th October, 1961. W 5331 
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Manufacturers of 
ELECTRICAL COMPONENTS 
COMMUNICATIONS EQUIPMENT 
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MORSE KEY TYPE F, AIR MINISTRY 
Ref No 10F/7741 

A general purpose type 

morse key particularly 

suited for aircraft use. 


METEOROLOGICAL EQUIPMENT 
PLASTIC MOULDINGS 








MORSE KEY TYPE D, AIR MINISTRY 
Ref No 10F/7373 

A heavy duty unit 

suitable for use in 

fixed or mobile 

ground stations. 


LINE SOURCE 

RADIATOR 

This Line Source Radiator 
Loudspeaker unit consists of 
six 10” loudspeaker units and 
associated matching equipment 
mounted in a metal cabinet. 





Each knob has been designed 
with a distinctive shape 

so that it is instantly 
recognisable by touch. 


WHITELEY ELECTRICAL 
RADIO CO LTD 


MANSFIELD NOTTS 
Telephone: Mansfield 1762-5 


As exhibited 
at the $.B.A.€. Show 


SULLA LLL 





MCT A RS HH A LL. L. 
ie) al 


STABILISED TRANSISTOR 
POWER SUPPLIES 


0-30V Continuously Variable 


| Amp Continuous Rating at 
all Voltages 


Ripple approx. | Millivolt 
Peak-to-Peak 


Twin, Type 221, £99 Single, Type 222, £59 
(suitable for rack mounting) (10 Amp, Type 223, also available) 


Protection Circuits optional extra 


Enquiries to Sales Depar 


MARSHALL oF CAMBRIDGE ELECTRONICS: 
H AIRPORT AMBRIDGE, 


EE 38 294 for further details 
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OFFICIAL APPOINTMENTS 





Ali MINISTRY (R.A.F. Signals Command): 
Technical Class. Up to 9 ew posts at 


Norten, Watton and St. Lawrence, 
Isle of W hie ange otlenee oi on 1. 716i. ——- 
tions: O.N.C. in Electrical or Mechanical Engineer- 
; or City and ang Fam nye Ses te ~ 
tions ing ity an 
Guilds Certificate in Radio I1; or evidence of equiva- 
lent standard of technical education. Total of at 
least 8 years and experience 
in skillad we work on radio, radar, or other electronic 
apparatus essential. National starting salary £723 
at 22 to £884 at 28 or over. Scale maximum £988. 
Promotion prospects. Write Civil Service gy 
sion, 17 North Audiey Street, London, for 
oye form quoting S/ 5371/61. Closing * date 
961. W 5323 





AIR MINISTRY require in Scientific Adviser's 
t: Graduates in Physics, Mathematics 
Engineering for appointment as Scientific 
Scientific Officers. Successful 


tional Research at Air Ministry is mainly concerned 
with the assessment of future operational needs and 
problems connected — the weapons of the future, 
while at Commands, is is on obtaining 
the maximum we from existing weapons systems 
and the evaluation their behaviour under opera- 
tional conditions. In either » , scientists work 
in close co-operation with of the R.A.F. 
and have contacts with other Research Establishments 
and firms on defence work. There are also 
opportunities for visits abroad. Current Vacancies 
are for posts at : (a) Air Ministry Whitehall, where the 
need is > ome for Scientific Officers, who will be 
concerned with studies of future R.A.F. offensive 
and defensive systems, of the interplay of offense and 
defence, of nuclear submarine mage and of 

tactical aircraft and Bomb 
Command, High Wycombe, Bucks., work rd on the 
evaluation, use and operation of airborne cng ound 
electronic equipment; the effectiveness of the Medium 
Bomber Force, and in computer organisation and 
se (c) Fighter Command, Stanmore, 
“ working on problems concerned with air 
defence and tactical operations of military aircraft in 
su of ground forces, requiring studies of aircraft 
weapons systems, tactics and operating 
Wits. (4) Transport Command, Upavon, 
—t "waa a Scientific Officer will be concerned 
broad studies of aircraft characteristics and 
- A utilisation to meet the needs of the Military 
Air Transport Force, and studies with the specialist 
R.A.P. staffs on specific technical and navigational 
problems. Successful Candidates may expect to 
spend a reasonable time in their first appointments 
but will later have opportunities for broadening their 
experience in other branches of the Department. 
for able scientists are good. Promotion to 

=— eet depends basically on merit. Qualifica- 
andidates should hold a First or Second 

Class Hons. Degree in Physics, Maths. or possibly 
ing. Senior Scientific Officer Candidates 
should be at least 26 and have had not less than 3 


— aa Pt graduate experience. Salary 
342—£1,654. £738—41, 323 
but S/Os with suitable experience may start above 
the minimum. Scales in London are somewhat 
higher. Interviews for appointment will be held in 
London. Forms from Ministry of Labour, Technical 
and Scientific Register (K), 28 King Street, London, 
big quoting A.347/1A. Closing date 24th Sat 

_ 53 





ELECTRONICS TECHNICIAN required in the 
Electrical Engineering Department, University of 
Leeds. Initial salary y Fi at to qualifications and 
experience. Applications should be made in writing 
to Professor Carter, from whom one 
particulars may be obtained. W 5348 


ELECTRONIC ENGINEERING 


BUILDING RESEARCH STATION (D.S.LR.), 
Garston, near Watford, Herts., requires Scientific 
Officer, physicist, to work on transmission of sound 
through panels and solid structures. Emphasis will 
be on theoretical aspects. Extensive experimental 
facilities are now being built but the primary problem 
he 1% and carrying 

h of the programme of research. Quals. Ist or 

lass Honours Degree in Physics. Salary range: 
£717—41,222 starting y assessed according to 
post-grad. experience. orms from Director above 
7 quoting BRS 32Y. Closing date 24th ea 
$330 





ENGINEERS, PHYSICISTS AND MATHEMA- 
TICIANS required by Ministry of Aviation at 
Royal Radar Establishment, Malvern, Worcs. for 
work on Future Integrated Military/Civil Air Traffic 
Control Systems. Work includes system studies by 
analysis and simulation ; radar engineering ; automatic 
data processing and transmission with opportunity 
to specialise in digital electronics, computer design, 
scientific programming and display techniques. 
Appointments in grade of (i) Senior Scientific Officer ; 
(ii) Scientific Officer; (iii) Experimental Officer. 
Quals.: (i) and (ii) Degree or Dip. Tech. with Ist or 


2nd class hons. or equiv. qual. and, for S.S.O. (min. 
age 26) at least a post-grad. research experience ; 
Pass H. 


(iii) (min. age <. or equiv. 
Salary scales: (i) £1,342—£1 654: (ii) £738—£1,222 
with F.S.S.U. benefits : (iii) £1 ,087—£1,336. Oppor- 
tunity for candidates under 31 (normally) to compete 
for established (non-contributory pensionable) posts. 
Details and application forms obtainable from 
Dr. W. H. Penlev, C.B.E., R.R.E. Malvern, Worcs. 
(quoting HC/2D/0751). W 5333 


MIDDLESEX COUNTY COUNCIL. Educa- 
tion Committee. Brunel College of Technology, 
Woodlands Avenue, Acton, W.3. Principal: J. 
Topping, M.Sc., Ph.D., D.L.C., F.Inst.P., Department 
of Electrical Engineering and Electronics. With the 
expansion of the College, which is shortly to become 
a College of Advanced Technology, there are 
vacancies in the Department of Electrical Engineering 
and Electronics for: Senior Lecturer and Lecturer 
in Automatic Control, Lecturer in Electronics 
(preferably with Computer). All the posts require 
some industrial or research experience, together with 
a Degree, Diploma in Technology or Corporate 
Membership of an appropriate Institution. Teaching 
experience though desirable is not essential. The 
Senior Lecturer will be required to continue the 
development of the Automatic Control Section and 
help with the planning of additional laboratories 
The work of the Department is predominantly or 
Diploma in Technology and Post-graduate Courses 
and so provides a very wide range of experience 
Research is encouraged and there are excellent 
facilities. Salaries will be within the ranges: Senior 
Lecturer £1,588 to £1,801 per annum. Lecturer 
£1,408 to £1,601 per annum. Application forms 
available from the Registrar at the College. C. E 
Gurr, M.Sc., Ph.D., Chief Education Officer. W 5343 


DEPARTMENT OF SCIENTIFIC AND 
INDUSTRIAL RESEARCH. 2 pensionable posts 
at National Engineering Laboratory, East Kilbride, 
Glasgow, for men or women as (a) Principai Scientific 
Officer and (b) Senior Scientific Officer to conduct 
research into the application of servo control to 
machine tools. Applicants for post (b) must be 
under 40 on 1.8.61. Qualifications: normally Ist or 
2nd class honours degree in engineering, or high 
professional attainment; at least 3 years’ post- 
graduate or other approved experience; experience 
of electrical servo design and development; good 
knowledge of servo-theory. A Seswiedee of hydraulic 
— technique or machine tool design is an advan- 

tage. National salary scales (under review): (a) 
£1,716-£2,418; (b) fi, 342-£1,654. Starting salary 
may be above minimum. Promotion prospects. 
Houses available for married staff. Write Civil 
Service Commission, 17 North Audley Street, 
London, W.1, for application form quoting S ny 61. 
Closing date 26th October, 1961. W 5353 


MINISTRY OF AVIATION requires Electronic 
Engineers for development, ~~ production and 
inspection of Guided Missiles, Computors, Radar, 
Line and Radio Communication Equipment at 
Headquarters branches in Central London, at 
Bromley (Kent), and other locations in the Home 
Counties. Qualifications: should have served a 
recognised engineering apprenticeship or have had 
: uivalent training, and be corporate members 
the Institution of Electrical Engineers, or have 
exempting quals. Experience of modern electronic 
practice in one or more of the fields desirable. 
Salary: £936—£1,430 (National) plus £55—£60 
Inner London Weighting for Central Headquarters 
posts or £40—£50 Outer London Weighting for 
Bromley, Kent. Posts in Home Counties locations 
slightly less but will be brought into National pay 
scales on 1.1.62. Starting pay at age 34 or over £1 
(National) with adjustments according to location. 
Excellent career prospects for promotion to senior 
posts and frequent opportunities for established 
appc Forms from Ministry of 
Labour, Technical and Scientific Register (K), 
28 King Street, London, S.W.1, quoting D425 1A. 
Closing date 13 October, 1961. W 5322 





ty ie 7 Bsigy 3 LABORATORY, 

(D.S.LR.), require in the 
Ship Divition at ph Teddington or the Ship Hydro- 
dynamics Laboratory, Feltham: Senior Scientific 
Officer, to lead a small! team to work on hovercraft 
research. Candidate must have imagination and 
initiative and some practical research experience with 
a specialised knowledge of aerodynamics and/or 
hydrodynamics. Scientific Officer or Senior Scientific 
Officer, mechanical! engineer, with knowledge of fluid 
dynamics for experimental and analytical investiga- 
tions into ship vibration problems, particularly those 
associated with propeller excited forces. Must be able 
to develop and apply mathematical methods to guide 
and interpret model experiments. Knowledge o 

electronics desirable. Quals.: Ist or 2nd Class Hons. 
Degree, or equiv. For the Senior Scientific Officer 
posts, at least 3 years’ post-grad. research experience 
required. Interim Salary ranges: Scientific Officer 
£773—4£1,267. Senior Scientific Officer £1,392— 
£1,714. Posts unestablished with possibility of 
establishment through the Civil Service Commission 
whilst remaining under 29 Scientific Officer) and 
under 32 (Senior Scientific Officer). Forms from 
Director, above address quoting SOWT. Saar 
date 24th October, 1961. $331 
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Manufacturers of 
MORSE KEY TYPE F, AIR MINISTRY 


ELECTRICAL COMPONENTS Ret No 10F/7741 

A general purpose type 
raolviviviniie wale) tea lellocl a. ki cnsins tip cone 
METEOROLOGICAL EQUIPMENT suited for aircraft use. 


PLASTIC MOULDINGS 








MORSE KEY TYPE D, AIR MINISTRY 
Ref No 10F/7373 

A heavy duty unit 

suitable for use in 

fixed or mobile 

ground stations. 


LINE SOURCE 

RADIATOR 

This Line Source Radiator 
Loudspeaker unit consists of 
six 10” loudspeaker units and 
associated matching equipment 
mounted in a metal cabinet. 





Each knob has been designed 
with a distinctive shape 

so that it is instantly 
recognisable by touch. 


WHITELEY ELECTRICAL 
RADIO CO LTD 


MANSFIELD NOTTS 
Telephone: Mansfield 1762-5 


As exhibited Sates : 
at the $.B.A.C. Show 


PT LLLLLLLLLLLLLLLLAL LLL 





RMI A HRS HH A L. Lo 
“—_ er 


STABILISED TRANSISTOR 
POWER SUPPLIES 


0-30V Continuously Variable 


| Amp Continuous Rating at 
all Voltages 


Ripple approx. | Millivolt 
Peak-to-Peak 


Twin, Type 221, £99 Single, Type 222, £59 
(suitable for rack mounting) (10 Amp, Type 223, also available) 
Protection Circuits optional extra 


Enquiries to Sales Department 


MARSHALL OF CAMBRIDGE ELECTRONICS 
THE AIRPORT, CAMBRIDGE, Ss 


AIRPOR 


EE 38 294 for further details 
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NORTHAMPTO COLLEGE Bog AD- 
VANCED TECHNOLOGY. pad Street, 
London, invieed 


E.C.!. Applications are from 
scientists or with good academic qualifica- 
and research and industrial 

c it post Producti 


i ng, The 
person 
to take over 





NORTHAMPTON COLLEGE OF AD- 
VANCED TECHNOLOGY, St. John Street, 
London, E.C.1. Appli are invited from 


PATENT EXAMINERS AND PATENT 
OFFICERS. yan mae or an oe women 


Salary £793 to £l, 719; Pager _ 
Starting pay above minimum. Promo 
Write Civil Service Rg eye om 17 ‘North “Audley 
Street, London, W.1, for application form, wo 
S/ 128/61, and Sane date of birth. 





PHYSICISTS IN GOVERNMENT SERVICE. 
A Scientific Career second to none. Following are 
examples of vacancies at Scientific Officer (£738- 
£1,222) or Senior Scientific Officer (£1,342-£1,654) 
level now available: Signals Research and Develop- 
ment Establishment, Christchurch, Hants—Speech 
Research, including speech perception and the 
analysis and synthesis of speech involved in a Speech 
Bandwidth Compression system. Some experience 
of electronic techniques is desirable (Scientific 
Officer or Senior Scientific Officer). Safety in Mines 
Research Establishment, Sheffield—Basic physical 
investigations into operations of catalytic and 
chemically active elements which may be used for 
Gas Detection and Measurement (Scientific Officer). 
Naval Construction Research Establishment, Dun- 
fermline—post for a Mathematician or Mathematical 
Physicist to work on Dynamic Behaviours of 
Structures, elastic stability stress analysis and plastic 
collapse, in close liaison with experimental division. 
The Establishment possesses a strong electronics 
computing group. (Senior Scientific Officer). Royal 
Observatory, Edinburgh—Research in fields of 
Stellar Photometry (galactic structure) and Spectro- 
scopy (stellar constitution). Observational facilities 
include 16/24-inch Schmidt telescope and 36-inch 
reflector with grating spectrograph. Progammable 
twin reflector with digitised photometer under 
construction. (Senior Scientific Officer), There are 
many other vacancies. in Physics, Engineering and 
most other scientific disciplines. All posts carry a 
pension. Good promotion prospects. Enquiries to 
Civil Service Commission (Scientific Branch), 17 
North Audley Street, London, W.1, stating age, 
qualifications, etc. W 5337 


ROYAL INSTITUTION OF GREAT BRITAIN 
Electronics Tech: of 


electronic eq 
in research ‘ia . Experience in pulse’ tech- 
niques ee Much of i“ a is newly 
automation of 
Salary range S088-41,000 
sccording to qualifications experience. pgs 
Lawrence 5 F.R.S., Royal on 
WwW 5350 


tion, 21 Albemarle 


ELECTRONIC ENGINEERING 


ROYAL NAVAL ENGINEERING COLLEGE- 
PLYMOUTH. V. for Assistant Experimental 





or pee in yc itay Electronics 
Engineering Physics. Teaching is at University 
Selected candidates to lecture to degree courses 

and ‘specialised courses and assist with laboratory 
classes. There are extensive well-equipped labora- 
tories. Research is encouraged and work would be 
— for publication and submission for higher 
degree. Qualifications: ist or 2nd class Hons. degree 

2 preferably with teaching and/or re- 
—. Post in en ne 
should have sound knowledge of electronics; 
experience in the fields of radar, telecommunications 
or radio guidance an advantage. Post in Engineering 
Physics—candidates should have lecturing or research 
experience in either Fare gr nay re instrumenta- 
tion or comput Salary range: Senior Lecturer— 
£1,302 to £1,604; urer- vt wil, 184. Starting 
pay may be above the minimum in both cases; credit 
‘Or post graduate experience and National Service. 
Superannuation under F.S.S.U. Good prospects of 
permanency. Residential accommodation for single 
staff, houses for married staff. Further particulars 
and forms from the Registrar, Royal Military College 
of Science, Shrivenham, Swindon, Wiltshire. wun 
reference HQ.77/17. W 5321 


SENIOR TECHNICIAN OR TECHNICIAN, 
with experience and training in electronics reqd. 
in the logy Dept., Royal Free Hospital 
Medical School. ‘Sates: Senior Technician £710 = 

£25(4) x £30(2)}—-£870; Technician £595 x £25(5)— 
£720, plus London weighting Superannuation 
benefits. Good holidays. Apply School Secretary, 
8 Hunter Street, W.C.1, with names of two yn 


THE UNIVERSITY OF MANCHESTER 
Nuffield Astronomy Laboratories. There are 
Radio Astronomy Labora- 

for Senior Research 

Assistants to carry out the duties given below: 
1. Rocket and Satellite experiments to investigate 
micrometeorites, incl me supervision of an 
experiment in the S2 Sa 2. Rocket and Satel- 
lite experiments pb dnme yy with investigations of 
extraterrestrial radio signals. ee ge should have 
a ee in Physics or Electrical Engineering and 
should have had some postgraduate research ex- 
sent to the Director, 


ome Applications should 
uffield Radio Astronomy Laboratories Jodrell 
Bank, Lower Withington, Macclesfield, oS 


UNITED BRISTOL HOSPITALS. Medical 
Electronics. k Apes are invited for the following 

ex laboratory attacking a 
wide range ap prol s covering the application of 
electronics to medicine. (1) Senior Electronics 
Technician. To help in the development, construc- 
tion and installation of specialised X-ray dose 
recorders in certain hospitals in the South Western 
Region. Car an advantage. Salary within the range 
£710-£815, new entrants to the service would start 
at £710. (2) Student Electronics Technician. To be 
trained in general medical electronics. Study for 
higher qualification encouraged, weekly study day 
with pay. Salary £255 at 18 to £440 at 24 or over. 
Applications giving age, education, qualifications 
and experience, with names of two referees, should 
be sent to the Chief Physicist, it of Medical 
Physics, Bristol General Hospital, Guinea Street, 
Bristol 1. W 5340 








SITUATIONS VACANT 





ARE — eee in joining a team < 
producing auto-plot fe for _new helicopters 


a 

Croydon 2 desirous of of a 
are - 
and apes Porton a 
details calificatio ore avaiable. Pi Personnel 
tions 

details of gual Newmark Ltd., Gloucester Road, 
Croydon. W 351 
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; Non-contributory 

Fund Scheme. Removal expenses 

-in aes oe yable in certain cases. 

Luncheon Club. Write ito full details, quoting 
reference H. at to Box 6779, c/o Hanway House, 
Clark’s Place, E.C.2. W 5325 





DATA HANDLING FOR MACHINE TOOL 
CONTROL. Staveley Industries Limited have a 
vacancy in their Research Department near Bedford 
for an Electronics Engineer. The work involves 
fundamental! investigations on logical circuit design 
with exploitation of new techniques. Candidates 
should be between 25 and 30 years of age and must 
possess good technical qualifications. They should 
be familiar with transistor circuit design and should 
be capable of originating and applying sound new 
ideas in the fields of data handling and numerical 
control. The salary offered will be up to £1,250 p.a. 
and applications for interview giving full details of 
qualifications and experience should be addressed to 
The Director of Research, The Staveley Research 
Department, Clapham, Bedford. W 5338 





ELECTRONIC DEVELOPMENT. Engineer re- 
quired by the United Kingdom Atomic Energy 
Authority, to be engaged at A.W.R.E., Aldermaston 
on the design and engineering development to pro- 
duction stage of a wide variety of electronic, elec- 
trical and electromechanical apparatus to meet 
scientists’ requirements. The work will involve close 
liaison with drawing offices, workshops and con- 
tractors, together with the direction of technical staff 
in a laboratory. Applicants should have served a 
recognised apprenticeship or have had equivalent 
training, and be graduate members of,the Institution 
of Electrical Engineers or hold suitable equivalent 
qualifications. It is desirable that past training and 
theory have covered one or more of the following: 
telecommunications, electrical measurements, indus- 
trial electronics, environmental testing, servo- 
mechanisms, high voltage techniques, printed cir- 
cuits, milli-microsecond circuitry. Salary: £1,005 (at 
age 35)—£1, 350 (at age 34 or over)—£l, 535 p.a. 
Superannuation scheme. A house or substantial 
assistance with house purchase will become available 
for married officers living beyond daily travelling 
distance. Please write for application form to the 
Senior Recruitment Officer, A.W.R.E., Aldermaston, 
Berks., quoting ref. 2966/42. W 5344 


ELECTRONIC ENGINEER required for interest- 
ing development and design work in the Research 
Department. Applicants will probably be under 30 
years of age, have graduate or H.N.C. qualifications 
and have had practical experience, preferably 
including some work on transistorised process 
control equipment. Salary according to qualifica- 
tions and experience. Non-contributory pension 
scheme and Life Assurance arrangements. Write 
stating age, experience and qualifications to Director 
of Research, Mather & Platt Limited, Park Works, 
Manchester, 10. W 2057 


ELECTRONICS DEVELOPMENT ENGINEER 
A vacancy exists in the expanding Development 
Section of a firm of Mechanical and Electronic 
Engineers in the Midlands. Candidates for this 
vacancy should a Degree or H.N.C. and have 
at least two years’ electronic develo t experience. 
The post offers excellent opportunities and is pension- 
able after a probationary period. Applications to: 
Reid & Sigrist Ltd., Braunstone Works, Braunstone, 
Leicester. W 5334 
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NEW VHF FRAME GRID FREQUENCY CHANGER 


MAZDA 30C17 
DESIGNED FOR AGC OPERATION 


The 30C17 is a new VHF high gain triode pentode frequency 
changer for television tuners. The pentode section has variable 
mu characteristics enabling its gain to be controlled from the 
AGC line. 

The application of gain control to the frequency changer stage 
of a television tuner will greatly ease the cross-modulation 
requirements of the IF valve since the output from the tuner can 
be kept lower when two stages are controlled. This leads to 
improvements in the AGC and cross-modulation performance of 
the whole receiver. To give the utmost control AGC can be applied 
to three stages, RF, Frequency Changer and Common Variable- 
mu IP. Alternatively it offers the possibility of controlling the 
two tuner valves only and using a straight IF amplifier with its 
attendant advantage of extra IF gain. 

Heater Current (amps) Th 03 
Heater Voltage (volts) Va 74 


TENTATIVE RATINGS AND DATA 
Maximum Design Centre Ratings 
Triode Pentode 

Anode Dissipation (watts) Pa(max) 2 
Screen Dissipation (watts) Pe2(max) - 
Anode Voltage (volts) Vacmax) 250 
Screen voltage (volts) Vg2(max) - 
Heater to Cathode Voltage 

(volts rms) Via—kimaxirms 200 
Cathode Current (mA) Tkcmax) 18 


Inter-Electrode Capacitances* (pF) 
Input Cin 
Output Cout 
Control Grid to Anode Ce—a 
Grid Triode to Grid 1 Pentode cgt—¢1 
Anode Triode to 

Anode Pentode Cat—ap 
Grid Triode to Anode Pentode cgt—ap 
Anode Triode to 

Grid 1 Pentode Cat—¢1 

* Measured in fully shielded socket with can. 


Triode Characteristics 

Anode Voltage (volts) Va 100 
Anode Current (mA) I, 15 
Mutual Conductance (mA/V) gm 8-5 
Amplification Factor u 20 


Base : B9A (Noval) Mounting Position: Unrestricted 


Connections 


9) 
KesS,Ggekp 
Ke.S, Ga, ke 
Kp. GarSo he 3, Kp Gas8 Me evates 
NOTE: SHIELD COMPLETELY 
View OF FREE END SURROUNDS THE PENTODE. 


Maximum Dimensions (mm) 
Overall Length 56 
Seated Height 49 
Diameter 22:2 


Thorn - A.E.!. Radio Valves & Tubes Ltd. 


155 Charing Cross Road, London, W.C.2. 
Tel: Gerrard 9797 Grams: Sieswan Westcent, London 
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TYPICAL OPERATION AT 200 Mc/s 
WITH CATHODE BIAS 


For operation with cathode bias where it is intended to apply 
AGC to the frequency changer. The oscillator voltage is applied 
to the pentode control grid. 


Pentode 

Supply Voltage (volts) 

Anode Voltage (approx.) (Decoupling 
Resistance, Ra=4-7 kQ)) (volts) 

Screen Voltage (approx.) (Ryg = 22 kf) (volts) 

Cathode Bias Resistance (Q) 

gi Resistance (MQ) 

gi Current (pA) 

Anode Current (approx.) (mA) 

Screen Current (approx.) (mA) 

Conversion Conductance at 1 Mc/s (mA/V) 

Grid Voltage for Conversion Conductance 
reduction 10 : 1 (volts) 


Triode 
Anode Voltage (volts) Va 
Anode Current (mA) Ie 


TYPICAL OPERATION AT 200 Mc/s 
WITH GRID CURRENT BIAS 


Operation with grid current bias is suitable for the 30C17 in 
existing tuners not provided with AGC on the frequency changer. 
The oscillator voltage is applied to the pentode control grid. 


Pentode 
Supply Voltage (volts) Vo 200 
Anode Voltage (approx.) (Decoupling 

Resistance, Ra= 5-6 k{2) (volts) Vs 
Screen Voltage (approx.) (Ry2 = 33 k{2) (volts) 
gi Resistance (MQ) Rg 
gi Current (yA) 
Anode Current (approx.) (mA) I. 
Screen Current (approx.) (mA) Ie 
Conversion Cenductance at 1 Mc/s 

(Vinetipk) = 2°6 V) (mA/V) Be 


Triode 
Anode Voltage (volts) Vs 
Anode Current (mA) In 


MAZDA 


TAtS. 107 S980 
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SITUATIONS VACANT (Cont'd) 








ELECTRONICS. The development, testing and 
servicing departments at Hilger & Watts Ltd. are 
continuing to expand, and there remain a few posts 
for experienced men of H.N.C. Standard, and a 
number of junior posts for men with a knowledge 
of basic principles and ‘O’ Level standard in Physics 
and Mathematics. We make a wide range of 
electronic and optical/mechanical instruments, and 
are prepared to train suitable applicants. Write fully 
to Personnel Officer, 98 St. Pancras Way, London, 
N.W.1. w 


MAGNETIC AMPLIFIER TYPE eupaatie 
oe and 


MEDICAL RESEARCH COUNCIL have a 
vacancy for a Technician at the Rheumatism Re- 
search Unit, —— Red Cross Memorial 
Hospital, Taplow nr. i to assist in the 
Sa of ical and mechanical recording 

ratus. A practical and theoretical knowledge 

electronic and mechanical en apn is essential. 
Salary in the range £595 to £720 per annum. Appli- 
cations stating age, qualifications and experience, 
together with copies of three recent testimonials to 
the Hospital Secretary at the above address. W 5346 


PHYSICIST OR ENGINEER is required by 
W. H. Allen Sons & Company Ltd. for the Elec- 
tronics Section of their laboratory at Bedford. The 
work involves the use of a wide range of electronic 
equipment in the solution of engineering problems, 
including research into engineering noise and 
vibration problems. An ability to design and develop 
special instr and hniq is essential. The 
successful candidate will be a man who has either 
(a) a good gr ding in eh ics to at least H.N.C. 
together with some practical industrial experience. 
or (b) recently obtained a Degree in a relevant field 
and though practical experience is desirable it is not 
essential. An interest in mechanical and electrical 
engineering and an ability to write clear and concise 
reports are essential. Application forms and condi- 
tions of service can be obtained from: The Personne! 
Manager (Ref. 1607/D/2), Queens 
Works, Bedford. 








W 5345 
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CIRCUIT ENGINEER 


SENIOR ELECTRONICS INSPECTOR RE- 
QUIRED i of fli i and 


le simulators 
Also full knowledge of A.1.D. and A.R.B. 
Sussex area. Apply: Box No. W 5347. 


Sens. ASSISTANTS: Telecommunica- 
Sut r 


to Personnel 
ary Cabin Ltd., Christchurch Way, Greenwich 
S.E.1 WwW 5342 


TRANSISTOR TYPE automatic Voltage Repel 
tors and Static inverters. Electronic Engineer re- 

uired for . Experience of S.C.R.s and 

verter wave ing techniques considered an 

: State, , age, qualifications and 

experience to W. Mackie & Co. Ltd., 129/133 Lam- 

beth Road, London, S.E.1. W 5329 


| et magni ESTeO NICS seek 
Assistants. 


standard or equivalent, have at least 3 to 4 — 
and be capable of tackling a wide 
| including A.F., R.F. i 
transistors, Sony, eae 
scope and video amplifier Starting 
ee. tisd ete te an mae SALTS oe 
Assistants are needed to build 


neat practical ability 
up to £16 10s. 0d. 


« Engi . 
Govett Avenue, Shepperton, es 5 ss 





CAPACITY AVAILABLE 





PROTOTYPE OR PRODUCTION Runs of 
Electronic Equipment. Power Packs. Designed to 
your requirements. Fully equi! modern works 
for precision machining Press Tools and Moulds. 
A.LD. approved. Quotations by return. Prompt 
deliveries. High Precision Engineering Co., Ltd., 
102a, Bancroft, Hitchin, Herts. Tel. No. Hitchin 


20. 





EDUCATIONAL 





CITY AND GUILDS (Electrical, etc.) on “NO 
PASS—-NO FEE” terms. Over 95 per cent successes. 
For details of modern courses in all branches 
of Electrical Engineering. Applied Electronics, 
Automation, etc., send for our ie handbook 
—FREE and post free. or a pt. won 
29 Wright's Lane, London, W.8 


TV. AND RADIO—A.M.BritLR.E. City & 

Gui R. T.E.B. Certificate, etc.. on “NO PASS— 

. Over 95 cent successes. For 

amgh be Courses 

ry of 
ty for 1 


handbook Free, BLE-T (Dept. 337H), ates} 
Lane, London, W 


238 


LEARN RADIO AND ELECTRONICS the 
New eee oe Very latest system of experi- 
menting with i radio apparatus—‘as you 
learn’. Free he Dept. EE10, Radio- 
structor, Reading, Berks. W 353 


METALWORK. All 
etc., to your own 
works Ltd., Chapman Street, 


THE CORN VESSIONS 00 Razant Suen, Lenten, 
W.1, Department of Mathematics 
The following courses of lectures have been 


Mechanics: on Tuesday evenings. Full particulars 
may be obtained on application to the —- of 
Education W 5282 


WEST HAM COLLEGE OF TECHNOLOGY. 
Commencing in September 1961, the Department of 
Electrical will off fi 


students with other qualifications are 
req to write to the Principal as soon as possible 
for advice upon 
Further 


details incipal, 

West Ham College of Technology, Romford Road, 
Stratford, E.15. R. Openshaw, Chief Education 
Officer. W 5341 








EXTRA Me ge er aaa Skilled 
workers + supervision 
pony ae 8 ities r A ny See age 202 99s 


GERALD FISHER ENGINEERING LTD., 
Lancs. Al yee of cheetsnnis ant cectried cuealy 
work undertaken to your requirements. 

wiring, cableforms, groupboards. memeceeen Road, 
en Lancs. Shaw 7509. WwW 2049 








240 D.C. } MOTOR. Tacho Generator 30 A.C. 
1,500 Revs, Variac 240V 350 Watts, Full Wave 
Rectifier 240V 350 Watts, Twin Beam Oscilloscope. 
Eaves, 105, Rickmansworth Road, Watford. W 2056 





50,000 PRECISION INSTRUMENT GEARS 
of all types from stock. (Now including spiral 
bevels.) Write for fully comprehensive catalogue. 
The Davall Gear Company Limited, Potters Bar, 


Middlesex (Telephone No. Potters Bar 2382). 
W 357 
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i \ 


&) | ‘AT 
ae a ge 


WE OFFER- 


* 
* 
* 
* 


development leads the world 


Salaries in the region of £1,500 — £2,000 p.a. 
A stimulating, creative atmosphere. 
Assistance with house moving costs. 


Week-end meetings to discuss your future. 


Our new Research and Development laboratories at Farnborough, on the Surrey 
Hants border, are the background to opportunities for 


DIGITAL SIMULATOR ENGINEERS 


We are moving from an era in which simulators are used solely for training purposes, towards one in which 
problem solving simulators will play a greater part. 


Tomorrow's automation in fact, will depend on the construction of mathematical models of simulators in the 
real world, followed by application in the real world of solutions found by simulators. 


For a major project which will bridge these two fields, we need a first-class project leader and a senior digital 
techniques engineer with considerable experience in digital techniques and systems engineering. 


ELECTRONIC INSTRUMENT ENGINEERS 


The present range of Solartron electronic instruments has achieved a world-wide reputation for quality and 
performance. To design the instruments of the future we need engineers with pulse/analogue/digital circuit 
design ability and an interest in the ever-widening application of electronie techniques to problems of measure- 
ment. For example, some of the fields in which they will be concerned are digital instruments, transistorised 
counters, equipment for complex noise analysis, and servo-analysis. 


TRANSDUCER ENGINEERS 


We are rapidly building up a development team to work in the field of transducers and associated equipment 
for industrial, process control and military purposes, and at this stage we need a Group leader to control the 
whole activity. To occupy this key position he will need to be an outstanding creative engineer with a degree 
or equivalent qualification, backed by considerable experience in either precision electrical, physical and 
mechanical measurements or transducers of advanced design. In addition we require two first class Senior 
Engineers with the theoretical knowledge and practical experience necessary for all aspects of the design of 
new instruments for industrial and military purposes, and finally two Junior Engineers to complete the team. 


There are also vacancies in the following fields:- 
Industrial Controls, Instrumentation Recording, Digital Data Systems, Business Machines, Computers. 


Please apply to: L. B. Copestick, Research Director, 
THE SOLARTRON ELECTRONIC GROUP LTD., Victoria Rd., Farnborough, Hants. Tel.: Farnborough 3000. 
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Senior 
Engineers... 


are you seeking 


the challenge of a new field in semi-conductor applications with substantial 
scope for original work? 


the variety of designing equipment for such diverse environments as road, 
rail, marine and air transport and for applications (both military and civil) 
ranging from electro-medical installations to Civil Defence? 

the opportunity offered by a ground-floor appointment in an expanding group? 
the creative climate of a leading laboratory in the field with no lack of facilities 
or financial backing? 





then consider the advantage of taking an important 
role in the 
S.C.R. APPLICATIONS GROUP 


of these laboratories where we can offer to versatile and progressive engineers 
in the age group 25 to 35 years a responsible position with Section Leader 
status, a substantial salary and sound prospects. 


The unusual variety of the work, which ranges from the design of transistor 
switching circuits to medium power engineering has created vacancies in this 
same group for both 


ELECTRONIC AND 
ELECTRICAL ENGINEERS 


—although the latter should have a sound knowledge of electronics. 
Apply in writing or telephone to the Chief Engineer, (Ref. 22C) 


THE GENERAL ELECTRIC COMPANY LTD. 


ELECTRONIC DIVISION LABORATORIES, 


BROOK GREEN, HAMMERSMITH, LONDON, W.6 — Tel.: RiVerside 3431 EXT. 308 











ST. ihn 


Senior 
Commissioning 
Engineers 


Strad is our new automatic electronic retransmission system. The 
first important installations of the current mark of equipment are now 
in progress, and a heavy expansion programme is under way. We 
urgently require men of ability, experience and authority to control 
these installations and head up our commissioning teams. 

For Senior Commissioning Engineers we are looking for men with 
technical knowledge of at least H.N.C. or graduate level, a good all 
round engineering background in electronics, and an ability to deal with 
the day to day problems of local administration. Such men will already 
hold senior and responsible posts. 

Engineers with experience on advanced logic design, switching, 
missile systems, computers, and comparable equipments, are invited to 
reply. Comprehensive familiarisation and appraisal courses are currently 
being mounted to give a thorough training in ali aspects of the equipment. 

The appointments carry generous non-contributory benefits, to- 
gether with solid allowances for applicants from outside the London area. 
Confidential interviews will be arranged with our engineers in London 
and the provinces. 


Please write detail. of career and quali fications to: 
L. L. Lockett, Personnel Manager, Strad Division, 


Standard Telephones and Cables Limited 
114 Chase Side, Southgate, London, N.14 





ELECTRONIC ENGINEERS 


Young Engineers of all grades required for 


interesting and remunerative positions. 


Apply in writing to: 


Watford Control Instruments Ltd., 
Riverside Road, Watford. 














DATA RECORDING INSTRUMENT COMPANY 
LIMITED 


have a vacancy for a Draughtsman in their Digital Development 
team. 
Applicants should be over 25 years of age and have had experience 
in the development of precision mechanisms. 
A knowledge of circuit drawing would be an advantage, and a back- 
ground in the magnetic recording field an asset. 
The minimum qualification required is O.N.C., though H.N.C. would 
be preferred. 
Starting salary will not be less than £900 p.a., but could well be more 
should experience warrant it. 
The Company operates a superannuation fund. 
Applications, which will be treated in confidence, giving brief details, 
should be addressed to:— 
R. D. Simpson, 
Data Recording Instrument Co. Ltd., 
Woodthorpe Road, Ashford, Middx. 
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ELECTRONIC APPARATUS DIVISION 
EMICONDUCTOR 
DEVELOPMENTS 
ENGINEERS - PHYSICISTS 


The Electronic Apparatus Division of Associated Electrical Industries 
Ltd. wishes to augment its existing development team at the Lincoln 
Laboratories. Appointments are offered to experienced Engineers and/or 
Physicists to undertake advanced work on new types of silicon transistor 
and silicon controlled rectifiers. The Company is also undertaking 
developments on other semiconductor devices primarily for industrial 
control and high speed electronic processing. 

Qualifications:—degree in physics or engineering with experience in semi- 
conductor work. Good working conditions and excellent prospects and 
salary are offered. 

Please apply giving full particulars of qualifications and experience to: 


The Manager, Group Personnel Services, 
Associated Electrical Industries (Rugby) Ltd., Rugby, Warwickshire. 








UNITED KINGDOM 
ATOMIC ENERGY AUTHORITY 


PRODUCTION GROUP 
INSTRUMENT MECHANICS 


Windscale and Calder Works, and Chapelcross Works require 
experienced men with knowledge of electronic equipment 
and/or industrial instrumentation for fault diagnosis, repair 
and calibration of a wide range of instruments used in 
nuclear reactors, radiation laboratories and chemical plant. 
This interesting work involves the maintenance of instru- 
ments using pulse techniques, wide band low noise amplifiers, 
pulse amplitude analysers, counting circuits, television and 
industrial instruments used for the measurement of pressure, 
temperature and flow. 


Men with Services, Industrial or Commercial background 
of radar, radio, television, industrial or aircraft instruments 
are invited to write for further information. Training Courses 
in Specialised Techniques are provided for successful 
applicants having suitable instrumentation background. 
Married men living beyond daily travelling distance will be 
eligible for housing. A lodging allowance is payable whilst 
waiting for housing. Working conditions and promotion 
prospects are good. 


Applications to:— 


Works Labour Lge Works Labour Manager, 
Windscale and Calder or 
Work Chapeicross Works, 


Annan, Dumfriesshire, 


Sellafield, 
Seascale, Cumberland. Scotland. 











[derranti 


BRACKNELL 
(Berks) 


have a vacancy for a 


TECHNICAL AUTHOR 


Applicants should have O.N.C. and experience 
in Electronics together with some knowledge of 
specification writing. They must be thoroughly 
conversant with the procedure laid down for the 
presentation of air technical publications. 


Applicants should forward details of their quali- 
fications and experience (which will be treated in 
strict confidence) to T. J. Lunt, Staff Manager, 
Ferranti Ltd., Hollinwood, Lancs. Please quote 
reference AEB3. 
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MULLARD RESEARCH LABORATORIES 


continuing the expansion of research teams, have vacancies for 


PHYSICISTS, ELECTRICAL ENGINEERS, 


MATHEMATICIANS and CHEMISTS 
with doctorate, graduate or higher national certificate qualifications. 


The work is extremely varied and ranges from basic research in solid state physics to advanced development and the design 
of complete systems. It includes investigations of the behaviour of materials, technique and application studies on 

devices, components and circuits and also specific advanced equipment projects. 

Current activities for which particular vacancies exist include :— 


SOLID STATE PHYSICS Semiconductor Surfaces, New Semiconducting Compounds, Quantum Electronics (Masers), 


Ferrites. 


CIRCUIT PHYSICS AND APPLICATIONS DIVISION Assessment of Solid State Devices, Television, Computers, 


Automotive Electronics, Applications of Ferrites. 


SYSTEMS DIVISION Microwave Ferrite Devices, Parametric and Tunnel Diode Amplifiers, Maser Systems, 
Broad-band Microwave Techniques, Communications, Radar and Data Handling, Particle 
Accelerators, Magnets and Nuclear Magnetic Resonance. 


Applications are invited from imaginative Scientists and Engineers who are interested in one or more of these projects. 
Previous experience will be an advantage. 


Applicants for posts as Assistants should have a qualification equal to Higher National Certificate in Applied Physics o1 
Electrical Engineering, but considerable practical experience may be accepted as an alternative. 


Applications, quoting reference OHG, should be sent tc— 


MR. G. A. TAYLOR, MULLARD RESEARCH LABORATORIES, REDHILL, SURREY. 








2 = 





WHETSTONE - Nr. LEICESTER 


COMMISSIONING OF 


_ NUCLEAR POWER STATIONS 


Instrumentation 
Engineer 


A vacancy exists for an instrumentation 
engineer in a team responsible for the 
commissioning and early operation of nuclear 
power stations. 


Applicants should be fully conversant with 
the latest techniques relating to complex 
control systems, the measurement of small 
signals and their display including data 
processing equipment and be familiar with 
conventional types of power station 
instrumentation. A minimum qualification 
of H.N.C. is required. Assistance will be 
given with removal and other expenses. 


Applications should be addressed to the 
Technical Staff Officer, English Electric 
House, Strand, London, W.C.2, quoting 
reference EE 1888P, where your enquiry will 
be dealt with in strictest confidence. 





BARR & STROUD LTD 
ELECTRONICS 


The following staff positions in our Electronics 

Laboratory are vacant and applications are invited 

from candidates with suitable experience. Salaries 

appropriate to qualifications, age and experience 

will be paid. 
GRADUATE ENGINEER OR PHYSICIST with a knowledge of 
pulse circuitry for work on p s. The ful applicant 
will be expected to lead a section within a larger group and as a 
minimum should have five years’ post-graduate experincee. 
RECENTLY QUALIFIED GRADUATE Preferably with some 
industria] experience to join a section on the above work. 
ELECTRICAL ENGINEER with H.N.C. or equivalent qualification 
to take charge of assembly work. The applicant in this case should 
have some experience in the supervision of labour. 


Applications stating age, training and experience should be addressed to 
the Secretary, Barr & Stroud Ltd., Anniesland, Glasgow, W.3. 

















ELECTRONIC ENGINEERING 


CENTRAL ELECTRICITY 
GENERATING BOARD 
LABORATORY TECHNICIAN 


required in the expanding Instrument Services Group at the 
Research Laboratories, Leatherhead, Surrey. 

The Group is responsible for supplying the Instrument needs of the 
Laboratories, and the field of work covers installation, testing, calibration 
and maintenance o {a wide range of electrical, electronic, electro- 
mechanical and scientific instruments, both novel and conventional. 

Applicants should have several years’ experience with commercial 
and/or industrial instruments and equipment, possess a good working 
knowledge of electronics, and be capable of working with the minimum 
of supervision. Preference will be given to candidates who have 
completed indentured apprenticeship with an industrial user of instru- 
ments or an instrument manufacturer. The possession of an O.N.C. 
(Electrical) or City and Guilds Certificate in instrument maintenance 
would be an added advantage. 

@ The appointment is permanent and nsionable, 
carries staff status, and is based on a hour/5 day 
week, with annual leave rising to a maximum of 
4 weeks. Salary within the scale £690-£940 per annum. 

Applications stating age, qualifications, experience, present position 
and salary to the Appointments Officer, 24/30, Holborn, London, E.C.!. 
Quote Ref. EE 399 
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| rT 


Technical Staff Vacancies 





| 

| 

| 

| 

| 

| 1, ELECTRONIC ENGINEERS (for design of industrial 
| electronic instruments and equipment preferably with 

| erperience of semi-conductor circuit design or alternatively 
| 

| 

| 

| 

| 

| 

| 

| 

| 


2. SYSTEMS ENGINEERS for design of industrial control 
and instrumentation systems. Preferably broad background 
of engineering training and experience including theoiy 

and practice of closed-loop systems. Experience in 
measurements, electronics or communications also reievant. 


for some posts of magnetic amplifier design. 


Preferred qualifications (1 and 2 above) are degree or H.N.C. in Electrical/Electronic or Mechanical Engineering or 
physics, as appropriate and some relevant experience, but also JUNIOR VACANCIES for less highly qualified applicants. 


3. DESIGN DRAUGHTSMEN preferably O.N.C. or above in @ The Company will pay good starting salaries to 
Electrical/Electronic or Mechanical Engineering, as successful applicants. 
appropriate and some erperience in the design of electrical . 
or electronic instruments and equipment. * 


Working conditions are good and employees enjoy 
prey amenities 

ly in confidence, or telephone for further 
t ormation, to 


Chief Engineer, Industrial Division, S. Smith & Sons (England) Ltd., Chronos Works, 


North Circular Road, London, N.W.2. Tel: GLAdstone 1136, Extension 124. 
0002 








HAWKER 
| @] ») 3 -e 
AVIATION 


ATOMIC ENERGY RESEARCH ESTABLISHMENT 
HARWELL 


requires a 
TECHNICAL AUTHOR 


to assist in the preparation of illustrated descriptive 
catalogues and specifications for electronic com- 
ponents and to serve upon standardisation com- 
mittees for such components. 


Have you an 
ELECTRONIC 
EMPHASIS ? 


There are interesting opportunities in the Electronics 
Department of A. V. Roe & Co. Limited at Greengate, 
Middleton, Manchester, for 


SALARY: £1,060-£1,210 per annum. 


Applicants should have served a recognised 
apprenticeship or have had equivalent training in 


I 
[ 
l 
l 
| 
| ELECTRONIC ENGINEERS 
I 
I 
i 
| 


for work on the numerical control of machine tools, 
analogue computers, ground rigs for flight simulation 
and automatic inspection equipment. 


Applicants should have had experience in some of 
the following fields: D.C. amplifiers, electronic multi- 
pliers, diode function generators, electro-mechanical 
servos, analogue computing systems, pulse circuits, 
photo-electric techniques, magnetic tape recorders and 
data processing equipment. 


Please write, quoting reference ELEC./R.14/C, to: 
Personnel Officer, 


A. V. ROE & CO. LTD., GREENGATE, MIDDLETON, MANCHESTER 


A. Vv. ROE & CO 
LIMITED 


OCTOBER 1961 





electronic engineering. 


Familiarity. with R.C.S.C. standardisation tech- 
nique is desirable and a National Certificate would 
be an advantage. 


Housing and contributory 
schemes are available. 


superannuation 


SEND POSTCARD for details to 
Personnel Manager (2008/42) 
U.K.A.E.A. A.E.R.E., Harwell, 
Didcot, Berks. 
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EXPERIMENTAL OFFICER 


FOR 


ELECTRONICS LABORATORY 


An Experimental Officer is required by the United Kingdom Atomic Energy 
Authority, Dounreay Experimental Reactor Establishment, Thurso, Caith- 
ness, Scotland, to work in the Control Engineering Development Group. 
This Group is concerned with: 


@ The development of control equipment for the Fast 
Reactor, the Dounreay Materials Testing Reactor and the 
experimental rigs which are to be used in these reactors. 


(2) =Applying new theds of instr » particularly 
in the field of deta logging and data reduction. 








®% i ing physical proper- 





The type of man required should be interested in developing and trying out 
experimental electronic circuits in the laboratory. It is not essential to have 
a knowledge of nuclear reactors or nuclear instrumentation since the 
problems which arise are investigated by project officers in the first place 
and lines of attack will be suggested. Gradually as experience is gained in 
extending the application of electronics into these specialised fields, the 
opportunity for individual work will present itself. 


This is an excellent opportunity to join a new and growing section in an 
interesting field of control engineering as applied to nuclear reactors. 


It is proposed to hold interviews for this post in London during the middle 
of October. Opportunities to visit the establishment at Dounreay before 
taking up @ position can be arranged after the interview. 


A pass degree in Maths and Physics or Electrical Engineering, or H.N.C. in 
an appropriate subject is normally expected. All applicants should have had 
experience in the industrial control and instrumentation field. 


Salary on the scale £1,165 to £1,430 according to qualifications and experience. 


Rented housing and house purchase assistance available for married officers 
living beyond daily travelling distance. Single accommodation available. 
Contributory Superannuation. 


Send post card for application form to Personnel Manager at above address 
quoting Ref. 286/42. 


For technical enquiries connected with the work, 
write to Mr. L. Tweeddale, C.E.D.G., 
at the above address. 


SOLID STATE 
MIGROWAVE 


M S D offers challenging and 
ehJet/%=s rewarding careers to 
MICROWAVE ENGINEERS 

AND PHYSICISTS 


in the new and expanding field of solid 
state microwave applications. The work 
of the new M.S.D. Application Laboratory 
will embrace such devices as:— 


DUPLEXERS, SWITCHES, LIMITERS 
HARMONIC GENERATORS 


PARAMETRIC AMPLIFIERS 


M.S.D. has made commercially available the 
widest range of varactor diodes in the U.K. and 
the company has close connections with Micro- 
wave Associates Inc. who have established 
technical leadership in the U.S. Microwave 
industry. Engineers and Physicists who can 
contribute to this work are invited to apply 
(in confidence) to: 


MICROWAVE & SEMICONDUCTOR 
DEVICES LIMITED 


Skimpot Trading Estate, Luton, Beds. LUTON 53363 














A new and expanding Company in the 
Electro-Mechanical field require 


SERVICE/PROJECT 
ENGINEERS 


age 25-30 to plan, install and service a range of vibration test 
systems employing electronic amplifiers in powers up to 
240 K.V.A. Must have a good educational background and 
qualifications (electrical or mechanical) or equivalent. 


Good salary and car provided as necessary. 


Full particulars and salary required to Box No. K.1364 
c/o Whites, Ltd., 72, Fleet Street, LONDON, E.C.4. 











SAMUEL FOX & COMPANY LTD. 


ELECTRONIC ENGINEER 


required in the Instrumentation Department of a 
major steelworks, to assist in the design and mainten- 
ance of a variety of electronic and electro-mechanical 
equipment. 


Applicants must hold a good University degree or 
equivalent qualification and be able to show that they 
possess a sound knowledge of the fundamental prin- 
ciples of automatic control, digital techniques and both 
analogue and digital computers. 


It is expected that the successful applicant will be 
below the age of 30 and wide practical experience is 
not being particularly sought since ample opportunity 
exists for this to be obtained. 


The Company has a very progressive approach 
towards modern techniques of instrumentation and 
process control] and the post offers lively and satisfying 
work to the right man. 


Applications should be made, in writing, to the Labour 
Manager, Samuel Fox & Co. Ltd., Stocksbridge Works, 
Nr. Sheffield. 
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iT ALL ADDS UP!— 


KDF9* 
KDP 10* 
DEUCE* 


CAREER 











— IN MORE WAYS THAN ONE! This is a problem in conventional decimal 


addition 


COMMON SENSE AND LOGIC wil! solve it — and problems in Data Processing 


SUCH ATTRIBUTES ARE SCARCE Possession of them will enable you to 
solve the problem 


HAVE YOU GOT THEM? if so, please send your solutions to the following 
address and you will hear further from us 


Data Processing Division, Room EE 316C 
English Electric Co. Ltd., Stoke-on-Trent, Staffs. 


* These are computers by 


ENGLISH ELECTRIC 








AVO 
LIMITED 


VICTORIA LONDON 


invites applications for appointment as 


CHIEF ENGINEER 


The Chief Engineer will be responsible to the Technical 
Director for the development and expansion of the com- 
pany’s products in the fields of electrical, electronic and 
nucleonic measurement and coil winding machines. 

The successful applicant must be capable of original 
thought, be fully conversant with modern electronic 
techniques, and should have considerable experience in a 
senior capacity in the measuring instrument field. The 
salary will have regard to the qualifications and experience 
of the successful applicant, and be commensurate with the 
high standards the company requires. 


Applications should be submitted to the 
Group Personnel Officer, 
Metal Industries Limited, 

Brook House, Park Lane, London, W.1. 


A MEMBER OF THE 
METAL INDUSTRIES GROUP 











COLLEGE OF ADVANCED TECHNOLOGY, 
BIRMINGHAM 


DEPARTMENT OF ELECTRICAL 
ENGINEERING 


Applications are invited for the following posts :— 


LECTURER 3 posts 
ASSISTANT GRADE ‘B’ z posts 


Candidates should have an honours degree or equivalent in Electrical 
Engineering or Physics, together with Industrial and/or teaching 
experience in one or more of the following fields:— 


Heavy current electrical engineering research 
Electrical power and machines 
Railway electric traction 

Electrical machine design 

Electrical generation and transmission 
Control engineering 

Electronic engineering 
Electromagnetic theory 

Electrical measurements 
Instrumentation 

Digital computers 


Salary Scales: 
Lecturers £1370-£1550 
Assistants Grade ‘B’ £700-£1150 
with additional graduate and training allowances where 


applicable. in fixing the commencing salary account 
will be taken of teaching and industrial experience. 


Further particulars and forms of application from the Bursar, College 
of Advanced Technology, Gosta Green, Birmingham, 4. Applications to 
be received within 14 days of this advertisement. Please quote 861/H. 


K. R. PILLING, Clerk to the Governors. 
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SITUATIONS VACANT (Cont'd.) 





ELECTRONICS ENGINEER 


Engineer with H.N.C. (or equivalent) is required for the Electronic 
Engineer's Research Department of the Company's Central Research 
Laboratories in Harringay, London, N.4. Experience of circuit engineer- 
ing is necessary and an interest in R.F. amplifiers and scanning circuits 
or switching nig in which the application of transi s would 
be an important feature. 








Good career prospects, non contributory pension scheme. Salary will 

be attractive. 

Brief details, in first instance, to Personnel Manager, Ever Ready 
Co. (GB) Led., Hercules Place, Holloway, N.7. 








OPERATIONS ENGINEERS and 


ASSISTANT OPERATIONS ENGINEERS. The United Power Company 
recently formed to amalgamate the interests of ATOMIC POWER 
CONSTRUCTIONS LIMITED and G.E.C.-SIMON CARVES ATOMIC 
ENERGY COMPANY LIMITED have vacancies for qualified engineers, 
who have had operation experience of power station plant, or large 
industrial plant. is work will be initially in che London area, followed 
by work at Trawsfynydd and Hunterston Nuclear Power Stations. 
Experience of nuclear power plants will be an advantage, although 
training in nuclear techniques will be given where necessary. 
These positi are pensionable and carry good prosp of pr i 

within the Company. Salaries will be commensurate with the respon- 
sibilities involved and allowances paid on transfer to site. 


Applications giving full details should be addressed to:— 
The Personnel Manager, (Ref. EE/1968), 
P.O. Box 90, 
28 Theobaids Road, London, W.C.! 








SENIOR DESIGN ENGINEER 





The M-O Valve Company Ltd. is forming a Commando Force to attack 
problems of Design. Initially this will be on design and tooling of C.R.T. 
guns but will extend in the future into the fields of microwave devices, 
transmitting valves and receiving valves. 


This is not a drawing office job and the man we recruit as the nucleus of 
this force must be prepared to go out looking for trouble and be able to 
cure it when it is found. 





Applications with details of qualifications and experience should be sent to: 


THE PERSONNEL MANAGER, 
THE M-O VALVE COMPANY LTD., 
BROOK GREEN, 
LONDON, W.6. 


Telephone: RiVerside 3431 

















European Manufacturer of Scientific Instruments requires 


for his production plant and sales organization in Great 
Britain a 


GENERAL MANAGER 





The position offers excellent possibilities in a growing 
Company to an individual with pe:sonal initiative and 


sense of responsibility. 


Applicants with technical knowledge must have already 
had practical experience in the organization and direc- 
tion of a medium-sized Company and in the handling 


of all commercial and sales matters connected thereto. 


Detailed application, which will be treated strictly 
confidentially, giving full information regarding 
previous activities, references, photo and further data 
which may be of interest, should be addressed to 
Box No. W 5335. 


EVERSHED 


A SENIOR ELECTRONIC DEVELOPMENT ENGINEER 
is required for our Process Control and Instrumentation 
Laboratory. As the projects involve transducers, valve and 
transistor circuitry both broad experience of their applica- 
tion and a thorough understanding of fundamental principles 
are of prime importance. 


Apply : PERSONNEL MANAGER (Ref. 166b) 
Evershed & Vignoles Ltd., 
Acton Lane Works, 
Chiswick, W.4 














LIMITED 
MARyland 6247 


DARTRONIC 
3/7, Windmill Lane, E.15. 
* 


ELECTRONIC Development Engineers 
experienced in Wide Band amplifiers and time bases 
for Oscilloscopes, also 


Development Engineers 
experienced in design of production test equipment 
Salary commensurate with experience and qualifications 

* 
Write or call above 
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SITUATIONS VACANT (Cont'd.) 





Gi aas 


have vacancies for 


Electronic and Systems Engineers 
and 


Technicians 
at their London Headquarters 





Selected candidates will be required to assist in the 
design, construction, installation and operation of 
equipment for applying the most advanced auto- 


mation techniques to manufacturing processes. 


Applicants for the engineering posts should be not 
more than 35 years of age and should have a degree 
or equivalent qualification. A recognised appren- 
ticeship or at least three years’ industrial experience 


is desirable. 


Applicants for the technical posts should have 


O.N.C, or equivalent qualifications. 








Applications, giving details of training, quali- 
fications and experience should be addressed to: 


Head Office Staff Department (WF/84), 
Unilever House, Blackfriars, E.C.4. 











CANADA 
ELECTRONIC TECHNICIANS 


A manufacturer of electronic components, located near 
Toronto, Ontario, requires several Electronic Technicians 
with military electronic equipment experience for the 
assembly of transistorized circuits, sub-miniature work and 
fire control equipment (Airborne radar or electronic com- 
putors). 


40 hour week. Good salary and employment benefits. 





Apply to: 
Dept. L.S.L.L., 
National Employment Service of Canada, 
38, Grosvenor Street, London, W.1!. 





EE 38 296 for further details 


“4 complete library 
in two volumes...” 


KEMPE’S ‘vear-soox 
Edited under the direction of the Editor of “The Engineer” 


1961 Edition price 87/6 (plus postage 2/6) 
from technical booksellers or direct from the publishers 


Kempe’s Engineers Year-Book, 28 Essex Street, Strand, 
London, W.C.2 Telephone: CENtral 6565 


— nnn 











CANADA 





INSTRUMENT MAKERS 


A manufacturer of electronic components, located near 
Toronto, Ontario, requires several Instrument Makers. 
Must be fully experienced in at least one of the following: 
servo mechanisms, gyro’s, accelerometers, automatic pilots. 
40-hour week. Good salary and employment benefits. 
Apply to: 
Dept. L.S.L.2, 
National Employment Service of Canada, 


38, Grosvenor Street, London, W.!. 


LAPPED 
RUBY 
LASERS 


IN STOCK FOR IMMEDIATE 

DELIVERY !! 
"xi? @ x2 @ 0x2’ © 
?xayererxys 
Flatness } wave or better. Parallelism 6 seconds 
of arc. AM material very slow grown with “C” 
Axis Parallel to cylinder axis within 1 degree. 
Doping is .04°% chrome by weight. Also 9 other 
dopings available immediately for special require- 
ments — 








Write or wire 
ADOLF MELLER COMPANY 


Box 6001 . Providence 4, Rhode Island, U.S.A. 
Cable: ROSADOLTF, Providence (R.I.) 
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= ‘Dehydrating 
y And 

a> Impregnatin 

Electrical 


Components 


Illustration shows a battery of “Speedivac” 
booster pumps being used in Denmark during the 


e 4 
manufacture of transformers. \ S P FE E. OD. 4 YAS} 


The very high standard of electrical and electronic components now 
bei aanaineaneed demands the very high standards of VACUUM 
DRYING AND IMPREGNATION TECHNIQUES. VAPOUR BOO 
HIGH VACUUM PROCESSING ensures a better product because 
drying and degassing of both the product and the impregnant are 
far more effective. PUMPS 
“ SPEEDIVAC” VAPOUR BOOSTER PUMPS are ideal for this 
work because they are capable of intaining very high pumping 
speeds over the pressure range 10°' to 10° torr. 
OUR ENGINEERING DIVISION WILL DESIGN AND 
CONSTRUCT COMPLETE IMPREGNATION PLANT 


INCORPORATING BOOSTER PUMPS EXACTLY TO 
YOUR REQUIREMENTS. 








EDWARDS HIGH VACUUM LTD CRAWLEV | sussex ENGLAND 


Crawiey 1500 
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Getting the measure of U.H.F...... 


TO CONVERT AC (from 1 cycle per second to ultra high frequencies) to DC, use Cambridge 
vacuo-junctions.* They are independent of wave-form and are designed for 
frequencies up to thousands of megacycles per second. Their accuracy has been 
proved to be better than + 1.0% up to at least 700 megacycles per second for 
currents between 5 and 50 mA. Numerous applications for monitoring high 
frequency AC include the measurement of power in waveguides. The heaters 
are of non-magnetic material, skin effects consequently being insignificant 
below 100 mA. 

*The illustration shows the standard Cambridge vacuo-junction, 

which is used effectively up to nearly 400 megacycles per second, but for 
even higher frequencies (up to several thousands of megacycles) the 
Cambridge ultra-high frequency junction is recommended. 


Write for further details, 
mentioning reference AN. 

For future publications, 

ask for Mailing Form AN/10/61. 


[GEBTAAULTRA-HIGH FREQUENCY VACUO-JUNCTIONS 


CAMBRIDGE INSTRUMENT COMPANY LIMITED - 13 GROSVENOR PLACE - LONDON .- 8.W.1 
EE 38 300 for further details 
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Permacel Tapes Lid. .. ‘is 
Phillips Control (Gt. Britain) Ltd. 


Quartz Crystal Co. Ltd. 
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Radyne Ltd 

Research & Control Instruments Ltd. 
Rists Wires & Cables Ltd. 

Rivlin Instruments Ltd. 

Roe, A. V., Ltd. 

Ross, Courtney & Co. Lid. 
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Salfend Electrical Instruments Ltd 


Samuel = 4 Co. Ltd. 

Sanders, W oy > emma Ltd. 

Sangamo Weston 
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Servo Consultants Ltd. 

Servomex Controls Ltd. 

Shardiow Micrometers Ltd. 

Sheffield Smelting Co. Ltd. 
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Sifam Electrical Instruments Co. Ltd. 
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Thorn Electrical Industries Ltd. 

Tokyo Shibaura Electric Co. Ltd. 

Transitron Electronic Ltd. b 

Transradio Ltd 

Trumeter Co. Ltd. 

Turner Bros. Asbestos Co. Ltd. 

Turner, Ernest, Ltd. 


U 

U.K.A.E.A. 

Ultra Electronics Ltd. 

Unbrako a Screw Co. Ltd. 
Uni-Tubes Ltd. 

Unilever Ltd. 


Vv 


vous (Control Equipment) Ltd. 
Vacuum Industrial Applications 

Vacwell Engineering Co. Ltd. 

Vectron Electro-Physics Ltd. 

Venner Accumulators Ltd. 

Vero Electronics Ltd. 

Vitality Bulbs Ltd. 

Vitos Ltd. 


w 


Wadsworth, Leonard, & Co. Ltd. 
Walmore Electronics Ltd. 
Watford Control Instruments Ltd. 
Waycom Ltd. 

Wayne-Kerr Laboratories Ltd. 
Webber, R.A., Ltd. .. 
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Wiggin, Henry, & Co. Led. 
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Witton Electronics Ltd. 

Woodhill Engineering Co. Ltd. 


Y 


Yokogawa Electric Works Ltd. 


Zenith Electric Co. Ltd, 





material answer 


Sintox Technical Advisory Service 
freely available without obligation. 
Please write for booklet 


EE 38 301 for further details 





Sintox—the alumina ceramic of exceptional insulation 
characteristics—is superior in tension, compression and 
cross-breaking. In small assemblies it can be an insu- 


lator and a structural support. 


Sintox also stands elevated temperatures with little 
change in its properties, has high thermal conductivity 
and superior corrosion resistance and—for nuclear 
application—low neutron capture cross-section. 


to design problems... 








BRAZED METAL/ 
CERAMIC TER- 
MINAL SEALS. 
These are brazed 
vacuum—tight assem- 
blies capable of with- 
standing elevated tem- 
peratures and pres- 
sures under conditions 
of continuous opera- 
tion. 








precision engineering ceramics 


LODGE PLUGS LTD., RUGBY, ENGLAND Telephone: Rugby 2166 
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Patent applied for 


for all Transistor Circuits 


SPECIFICATION 


Diameter : 


Thickness : 


Capacitance 


Tolerance : 
Working voltage : 
Power factor: 


Leakage resistance : 


0.594 inches maximum 


0.156 inches maximum 


: 0.5 mfd 


-20% +50% 
3 volts d.c. 


Not greater than 5%, when 

measured at 1 kc/s, and 

less thon 0.5 volts 

Not less than 100,000 ohms, 
en measured ut 3 volts 
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In line with the Erie policy of anticipating 
the component requirements of the future, the 
Erie Transcap capacitor is now added to our 
ever-increasing range of components for use 
with transistors. 

Designed specifically as a small, reliable, 
high capacitance, low voltage, coupling, and 
by-pass capacitor, the Erie developed Trans- 
cap is manufactured entirely at our Great 
Yarmouth factory. 

Style T, shown here in its actual physical 
size, is but a forerunner of the wide range, in 
differing values and voltages, which will 
ultimately emerge. 


1, HEDDON STREET, LONDON, W.! 
Telephone: REGent 6432 


FACTORIES 


Great Yarmouth and Tunbridge Wells, England: Trenton, 


Ont., Canada: Erie, Pa., Holly Springs, Miss., and 
Hawthorne, Cal., U.S.A. 
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presents two N (4 YW 
SPECTRUM ANALYSERS 


The DA—70 will measure the character- 
istics of pulse modulated signals, simplify 
field intensity measurements, compare 
signals with a small frequency difference, 
test transmitters, etc. A 3-band frequency 
range is covered by one tuning head, 
50-62 kmc/s, 60-80 kmc/s and 75-100 
kmc/s. A wide band display of up to 
1,000 mc/s can be used to observe pulsed 
signals as narrow as 0.01 microseconds. 





Bea kK LABORATORIES LF 





